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PHARMACEUTICAL MATERIALS AND 
JYTFTE^ THEIR PPFPARATION AND USE 

5 BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to pharmaceutical formulations involving the 
inclusion of an active pharmaceutical ingredient ("API") in a pharmaceutically- 
acceptable single crystal matrix. More particularly, the crystals contain growth- 
10 sector specific, oriented inclusions of active pharmaceutical ingredients which are 
isolated. The active pharmaceutical ingredients have higher stability and shelf-life, 
M; and can be delivered in conventional dosage forms. This invention has general 

O application to active pharmaceutical ingredients, and in one aspect has particular 

Is. 

p application to biopharmaceuticals. As used herein, the term "biopharmaceuticals" 

5 15 is used to refer to a subset of API's which are polymeric in nature, including for 
W example, proteins, polypeptides, enzymes, immunoglobulins, polynucleic acids, 

s 

p and plasmids. 

jj ! Description of the Prior Art: 

H There is a continuing need for pharmaceutical compositions which are 

M 20 capable of maintaining the quality and efficacy of the API during storage and 

delivery. The loss of potency of an API is a critical concern in assuring that viable, 
effective drugs are delivered to patients. It is similarly desirable to have 
formulations which do not require special packaging or handling. FuVther, it 
remains a constant goal to provide active pharmaceutical ingredients in a form 
25 which facilitates their use by the consumer, such as through convenient dosage 
forms. The present invention addresses these and other issues concerning 
pharmaceutical compositions and formulations. 

Although not limited to biopharmaceuticals, the usefulness of the present 
invention is well exemplified with respect to biopharmaceuticals, many of which 
30 demonstrate the problems encountered in prior-art approaches. Ensuring long-term 
stability and maintaining activity of biopharmaceuticals is a prevalent concern. 
The chemical complexity and conformational fragility of protein drugs, for 
example, make them highly susceptible to both physical and chemical instabilities 
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and threaten their emergence into the marketplace. Denaturation, adsorption with 
container walls, aggregation, and precipitation can result from non-covalent 
interactions between a drug and its environment. Insulin, for instance, has been 
shown to adsorb onto the surfaces of glass and plastic containers, and to have 
5 interactions at air-water interfaces, leading to denaturation, aggregation and 
precipitation. For example, upon denaturation human growth hormone (HGH) 
forms dimers and higher molecular weight aggregates, and glucagon in solution 
has been shown to readily gel or aggregate when subjected to mechanical stress. 
As a further example, researchers have distinguished nine major reaction 
10 mechanisms by which proteins degrade, including hydrolysis, imide formation, 
deamidation, isomerization, racemization, diketopiperazine formation, oxidation, 
disulfide exchange, and photodecomposition. The rates of these deleterious 
processes depend in large measure on the protein and its environment. The 
primary chemical degradation products of glucagon, for example, include 
15 oxidation of Met (27), deamidation of Gin (24), and acid-catalyzed hydrolysis at 
Asp (9), Asp (15) and Asp (21). HGH undergoes chemical decomposition via 
oxidation at Met (14) and deamidation at Asn (149). 

A critical challenge of product development science in the pharmaceutical 
industry therefore has been devising formulations that maintain the stability of the 
20 active pharmaceutical ingredient over an acceptable shelf-life. This has been 

especially difficult to achieve for certain API's which are unstable in solution or 
with respect to many common formulation processes. Developing techniques for 
stabilization and storage looms as a great impediment to the pharmaceutical 
industry. Formulation scientists have consequently used a variety of techniques to 
25 enhance the stability of API's while maintaining other important product 

characteristics such as biocompatibility, absorption, pharmacokinetics, efficacy 
and excretion. 

One technique used in formulating biopharmaceuticals has been 
lyophilization of the biopharmaceutical solution in the presence of excipients, 
30 buffers and/or bulking agents. However, even lyophilized preparations must 

typically be stored under refrigeration, a requirement which is neither technically 
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nor economically feasible in many markets and inhibits flexibility of patient use. 
There has therefore been a continuing demand for formulations of many 
biopharmaceuticals which would permit their storage at ambient temperatures. 
This would permit more rapid development of products, increasing flexibility in 
5 shipping, storing and carrying the drug products, and allowing introduction and use 
of such products in markets where refrigeration is too costly. Moreover, the 
increased stabilization of biopharmaceuticals would naturally improve the general 
use of the biopharmaceuticals where shelf life is an important consideration, 
whether or not refrigeration or other concerns are at issue. 

10 The prior art use of excipients in the lyophilization of biopharmaceuticals 

has been directed away from inclusion of the biopharmaceuticals in single crystals 
in the manner of the present invention. It has been widely assumed that amorphous 
glasses are critical in the stabilization of biopharmaceuticals by such excipients in 
lyophilized form, and it has been suggested that the drug molecules must exist in 

15 amorphous regions between the crystalline domains. See, e.g., M. J. Pikal, "Freeze 
Drying of Proteins", to be published in Peptide and Protein Delivery, 2 nd Ed., V. H. 
L. Lee, Marcel Dekker, Preprint, 1995. Implicit in this reasoning is the conclusion 
that the biopharmaceuticals could not exist as guests within single crystals. 

In the process of lyophilization, typically an aqueous solution containing a 

20 biopharmaceutical with a limited amount of excipient(s) is frozen and then dried 
under vacuum to produce solids of sufficient stability for storage and distribution. 
Excipients are added to prevent blow out of the product, to provide stability during 
lyophilization and/or dissolution, and to enhance compatibility for parenteral use. 
Various excipients used with lyophilization have included salts, metal ions, 

25 polyalcohols, surfactants, reducing agents, chelating agents, other proteins, amino 
acids, fatty acids, and phospholipids. The more frequently used excipients include 
mannitol, alanine, glycine, sorbitol, lactose, arginine, and maltose. The results 
obtained with such excipients, however, have usually been inconsistent. Most 
lyophilized biopharmaceuticals are amorphous powders that have no specific 

30 structure, and as a result, the amount and location of the incorporated 

biopharmaceutical varies widely for the product particles. Also, they are typically 
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. readily dissolved, rendering them unsuitable for use as a sustained-release material. 

Further, there is no isolation of the pharmaceutical molecules from the 
environment or one another, leaving them susceptible to degradation by various 
mechanisms. Studies have shown that lyophilization of excipients can typically 
5 damage proteins rather than protect them. See, e.g., J. F. Carpenter, J. H. Crowe, 
"Infrared spectroscopic studies of the interaction of carbohydrates with dried 
proteins", Biochemistry 1989, 28, 3916-3922; J. F. Carpenter, S. Prestrelski, T. 
Arakawa, "Separation of freezing- and drying-induced denaturation of lyophilized 
proteins by stress-specific stabilization: I. Enzyme activity and calorimetric 

10 studies," Arch. Biochem. Biophys. 1993, 303, 456-464. K. Izutsu, S. Yoshioka, Y. 
Takeda, "The effects of additives on the stability of freeze-dried |3-galactosidase 
stored at elevated temperatures", Int. J. Pharm. 1991, 71, 137-146. K. Izutsu, S. 
Yoshioka, T. Teroa, "Decreased protein-stabilizing effects of cryoprotectants due 
to crystallization", Pharm. Res. 1993, 10, 1232-1237. 

15 Crystallized pharmaceuticals have been used in some instances, but there 

have been inherent limitations. Some API's , e.g. insulin, can be crystallized 
themselves, and are useful in that form for administration to patients. However, 
the majority of biopharmaceuticals either do not crystallize or the crystallization is 
very difficult, particularly on a commercial scale. Further, crystallization 

20 procedures are limited to the use of pharmaceutically-acceptable ingredients and 
process conditions that do not adversely affect the active pharmaceutical 
ingredient, thus further constraining the ability to obtain desired microcrystalline 
suspensions. 

The fact that macromolecules are routinely isolated in sub-millimolar 
25 concentrations in a variety of crystals is known. See, e.g., K. Strupat, M. Karas, F. 
Hillenkamp, Int. J. Mass Spec. Ion Proa, 1 1 1, 89-102, 1991. Also, certain 
aromatic acids have been employed as hosts for biopolymer guests in crystals for 
use in matrix-assisted laser desorption ionization (MALDI) mass spectrometry, but 
not for the purposes of the present invention. See, Review by F. Hillenkamp, M. 
30 Karas, R.C. Beavis, B.T. Chait, Anal. Chem, 63, 1 193A-1203A; S. Borman, 

Chem. Eng. News, 23-25, June 19, 1995. However, crystallization conditions in 
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' these studies were optimized for characterization of the incorporated biopolymers. 
There were no investigations into optimizations that would be relevant to 
pharmaceutical preparations or operations such as homogeneity of the 
concentration of the inclusions, process scale-up, process robustness, chemical and 
5 physical stability of the preparations, suspendability in biocompatible solutions, 
preservative requirements and compatibility, container/closure system 
compatibility, and pharmacokinetic profiles. 

The difficulty in obtaining suitable single crystals of some biopolymers has 
encouraged structural chemists to partially orient such molecules with electric, 

10 magnetic, or flow fields, by dissolution in liquid crystals or stretched gels, and as 
monolayers. In a similar effort, the isolation of biopolymers in a single crystal 
matrix has recently been studied in an effort to use such crystals for structural 
analysis of the biopolymers. Such isolation technique is described in "Single 
Crystal Matrix Isolation of Biopolymers," J. Chmielewski, J.J. Lewis, S. Lovell, R. 

15 Zutshi, P. Savickas, C.A. Mitchell, J. A. Subramony, and B. Kahr, J. Am. Chem. 
Soc. 1997, 1 19, 10565-10566. However, this article simply demonstrates that 
certain biopolymers are oriented by the host lattice, and the article suggests the use 
of such crystals for analyzing spectral anisotropics in biological molecules which 
could not otherwise be crystallized. This article does not discuss or suggest the use 

20 of this technique for enhancement of stability or sustained release of 

pharmaceuticals, or their administration to patients. Further, the proteins studied 
were not of pharmaceutical interest, the crystal materials described in this article, 
namely phthalic acid, gentisic acid and sinapic acid, were not selected or evaluated 
for biocompatibility, and the crystal sizes were not optimized for particular routes 

25 of administration. Therefore, the produced crystals with included biopolymers 
would not be suitable for administration to patients. 

Other prior art procedures have required the use of polymers that are 
difficult to prepare, require harsh preparation conditions that can be harmful to the 
API's, and yield inconsistent results. For example. United States Patent No. 

30 5,075,291 describes a process for preparing a uniformly-dispersed, 

pharmaceutically-active material in a crystalline sugar alcohol matrix. However, 
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, this process requires the addition of the API into a molten sugar alcohol with 
considerable mechanical agitation. Many API's and virtually all 
biopharmaceuticals would not be stable in the extreme temperature of 1 10°C and 
the physical stresses of a high-shear vortex mixer used for agitation. The present 
5 invention does not require these extremes of temperature and physical agitation. 
Also, the process of the present invention slowly includes the API into the growing 
crystal lattice in specific growth sectors, instead of homogeneous mixing and 
entrapping of the active pharmaceutical ingredient in a viscous melt. 
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SUMMARY OF THE INVENTION 

In one aspect, the present invention relates to pharmaceutical compositions 
comprising single crystals of a pharmaceutically-acceptable crystal lattice 
component, and an active pharmaceutical ingredient different from and included 
5 within the crystal lattice component in a growth-sector specific orientation. The 
crystals are prepared using components and methods which yield crystals having 
suitable purity and efficacy for use in administering the API's to a patient. The 
crystals may be coated or combined with adjuvants such as excipients, diluents or 
carriers, and are preferably formulated into tablets, capsules, suspensions, and 

10 other conventional forms containing dosage amounts of the API's. Alternatively, 
the crystals are prepared as depot formulations which may be administered, as by 
subcutaneous injection or implantation, to provide a long-term payout or sustained 
release of the active pharmaceutical ingredient. The present invention further 
provides methods for preparing the crystals and for storing and administering the 

15 active pharmaceutical ingredient either in crystal form or upon reconstitution to a 
solution. 

Accordingly, it is an object of the present invention to provide single 
crystals which include API's in a growth-sector specific orientation. It is a feature 
of the invention that the API's are included at predictable, uniform concentrations 

20 that permit use of the crystals in formulating dosage amounts of the API's. 

Another object of the present invention is to provide compositions 
comprising API's included in single crystals to provide improved stability and 
shelf-life. The active pharmaceutical ingredients may therefore be stored for 
extended periods of time prior to use either as crystals or as reconstituted solutions. 

25 It is a further object of the present invention to provide single crystals with 

included API's to provide quick, delayed-release or sustained-release formulations 
for flexibility in pharmacokinetic profiles in delivery of the API's to patients. 

Another object of the present invention is to provide pharmaceutical 
delivery units including an amount of single crystals sufficient to provide a dosage 

30 amount of the included active pharmaceutical ingredient. Alternatively, the 

pharmaceutical delivery units include a quantity of crystals sufficient to provide a 
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prolonged payout of the active pharmaceutical ingredient. The crystals may be 
coated or uncoated, and may be combined with various pharmaceutical adjuvants 
including excipients, diluents and carriers. 

A further object of the present invention is to provide methods for 
5 preparing compositions comprising single crystals with growth-sector specific 
inclusions of API's. 

It is another object of the present invention to provide methods for the 
storage and administration of API's utilizing inclusion of the API's within single 
crystals. 

10 Other objects, features, and advantages of the present invention will be 

apparent to those skilled in the art from the following description and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a photomicrograph illustrating fluorescence of a single crystal of 
green fluorescent protein in a-lactose monohydrate (1.8 (h) x 0.8 (w) x 0.5 (d) 
mm 3 ) with an idealized representation of habit. The sides of the crystal in the 
5 photomicrograph are bright due to internal reflection. 

Figure 2 is a graph of the fluorescence decay of the green fluorescent 
protein at 333°K in several environments: mixed crystal in a-lactose monohydrate 
(triangle), saturated lactose solution (square), and lyophilized a-lactose 
monohydrate (diamond). 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of promoting an understanding of the present invention, 
reference will now be made to the embodiments described hereafter. It will 
nevertheless be understood that no limitation of the scope of the invention is 
5 thereby intended, such modifications and applications of the principles of the 

invention as described herein being contemplated as would normally occur to one 
skilled in the art to which the invention relates. 

The present invention utilizes single-crystal matrix inclusion of active 
pharmaceutical ingredients ("API's") to achieve advantageous storage and delivery 

10 of the API's. This invention has application to a wide range of API's to provide 
enhanced stability and/or delivery of the active pharmaceutical ingredients. For 
some applications, such as for many biopharmaceuticals, the invention is 
particularly advantageous in providing greater stability over time and in providing 
alternative delivery and sustained release formulations to patients . 

15 The small molecule host crystals comprise a crystal lattice component 

which includes the API's in an oriented, growth-sector specific manner. The 
crystals and included API's are prepared to be pharmaceutical^ acceptable and 
pure, thereby being useful for administration to patients to be treated with the 
API's. As used herein, the term "pharmaceutically-acceptable" refers to sufficient 

20 quality to meet regulatory and compendial requirements for administration to 

humans and/or animals. The crystals provide a regular, predictable inclusion of the 
guest active pharmaceutical ingredient, and the crystals can consequently be used 
for obtaining a predetermined amount of the active pharmaceutical ingredient for 
delivery to a patient. In one aspect, the host crystal gradually dissolves upon 

25 contact with body tissue or fluids, and is therefore useful as a system for delivery 
of the active pharmaceutical ingredient into the body. Alternatively, the crystals 
and included active pharmaceutical ingredient may be reconstituted into a solution 
for administration to a patient. 

The active pharmaceutical ingredient molecules are generally isolated from 

30 one another and are insulated from the environment by the host crystal. This leads 
to reduced susceptibility of the API to degradation, and therefore enhanced 
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- stability and shelf-life. Also, the use of appropriate host crystal compounds, or 
selected dosage forms, permits the design of quick, delayed, or sustained-release 
formulations for delivery of the active pharmaceutical ingredient. Sustained- 
release formulations are particularly advantageous for treatment of chronic 
5 conditions as they provide a consistent amount of drug delivery over a long period 
of time to improve ease of use and patient compliance in administering the API. 

The crystals preferentially incorporate the active pharmaceutical ingredient 
on certain faces, thereby providing a growth-sector specific inclusion and 
orientation to the API's. As used herein, the term "growth-sector specific 

10 inclusion and orientation," and equivalent terminology, refers to the fact that the 
API molecules are included primarily at certain faces of the crystal matrix. The 
growth-sector specific inclusion and orientation can be determined by one skilled 
in the art, as demonstrated in the examples herein, by fluorescence microscopy and 
anisotropy measurements, single crystal desorption mass spectrometry, and 

15 autoradiography of 14 C-labeled material. In one embodiment, at least about 

0.001% (on weight/weight (w/w) basis) of the pharmaceutical is included within 
specific faces of the crystal matrix, and in another embodiment at least about 0.1% 
(w/w) and up to about 10%. The crystal parameters, including the particular 
crystal lattice component for a given API, the concentration of API, the use of 

20 crystal adjuvants, and the crystallization conditions, are selected to achieve the 
growth-sector specific inclusion and orientation of the API within the crystals. 

The method of the present invention broadly involves the including of the 
active pharmaceutical ingredient into the single crystal matrix formed from a 
pharmaceutically-acceptable crystal lattice component. As used herein, the term 

25 "included" in the crystals refers to the active pharmaceutical ingredient being 
chemically adsorbed within the crystal lattice as the crystal is formed. This 
inclusion of the active pharmaceutical ingredient molecules is distinguished from 
crystallization of the API molecules with one another, and from simple and random 
entrapment of the API molecules by the formed crystal. The crystal product of the 

30 present invention is ordered, in contrast to the amorphous material produced by 

other approaches. The API is incorporated in the crystal in relation to its degree of 
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affinity for the crystal lattice molecules. The crystal lattice component is therefore 
selected to be both chemically and physically compatible with the API such that 
the API is received by the crystal during formation, and remains stable and 
efficacious while within the crystal and upon release therefrom. 
5 In a typical approach, the including of the active pharmaceutical ingredient 

involves combining the crystal lattice component, the active pharmaceutical 
ingredient and a pharmaceutically-acceptable adjuvant in a liquid state. The 
crystal lattice component is then crystallized under pharmaceutically-acceptable 
conditions to form the inventive crystals. For example, one method uses spiking of 
10 the API into a saturated or supersaturated solution of the crystal lattice component 
5 in a suitable organic and/or aqueous solvent system. Alternately, the saturated or 

supersaturated solution of the crystal lattice component may be spiked into the API 
solution. Other components may also be added to the solution, including 
+■ compounds which facilitate or modify crystal growth or which are desired for 

b 15 incorporation in the final formulation. The solution may be seeded using any of a 

in variety of conventional techniques. 

I y In one approach, the solution is allowed to evaporate and/or equilibrate to 

□ cooler conditions for growth of the crystals. The crystals are then grown as the 



yy 



solvent is slowly evaporated away and/or the solution is cooled, with the 
20 evaporation and temperature gradient conditions being selected dependent on such 
factors as the solvent system and the desired crystal size. The crystals containing 
the active pharmaceutical ingredient are harvested from the remaining solution and 
are preferably washed to remove surface contamination. This procedure yields 
crystals which include the active pharmaceutical ingredient at a predictable 
25 concentration and facial orientation. 

In accordance with the present invention, crystals are grown under 
pharmaceutically-acceptable conditions. As used herein, the term 
"pharmaceutically-acceptable conditions" refers to the use of crystal and API 
compounds which are pharmaceutically-pure, and for which such pharmaceutical 
30 purity is maintained in the final crystals. The crystal and API compounds are 
pharmaceutical^ pure, or have pharmaceutical purity, if they are of sufficient 
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purity to be suitable for administration under applicable FDA or other 
administrative regulations regarding purity. The term pharmaceutically-acceptable 
conditions further refers to the use of crystallization conditions through which the 
API compounds retain pharmaceutical efficacy in the final crystals and upon 
5 subsequent administration to patients. 

The present invention readily allows the inclusion of API's by affinity with 
the small host molecules in the growing crystal lattice. This overcomes many of 
the limitations associated with previous approaches. The processing involved with 
preparing the present crystals does not expose the API's to harsh conditions, 

10 thereby substantially reducing or avoiding the possible degradation or disruption of 
the structural aspects of the API which could occur with prior art techniques. The 
inventive crystals have an added advantage in that they do not interfere with 
normal analytical methodologies used for characterizing the pharmaceutical 
product. The small host molecules can be easily separated on the basis of 

15 molecular size, which is not the case for prior art techniques which use polymers 
that interfere with analytical methodologies. 

The API molecules are incorporated into the host crystals typically at rates 
of at least about 0.001% (w/w), preferably at least about 0.1%, and more preferably 
about 1% to about 10% (w/w). Alternatively, the API molecules are included at 

20 rates of at least about 0.01 %, and as much as at least about 1 % (w/w). The limited 
molar concentration of the active pharmaceutical ingredient in the host crystals 
means that the active pharmaceutical ingredient molecules are generally isolated 
from one another in the crystals. Isolation of the API molecules is particularly 
advantageous for those molecules, such as certain biopharmaceuticals, which could 

25 otherwise react with one another (e.g., by polymerization) or the surrounding 
environment. The degree of isolation can be verified by those skilled in the art 
using atomic force microscopy or reaction fluorescence energy techniques. The 
present invention has a particular application to guest-host systems in which the 
guest API molecules are reactive with one another, but in which these molecules 

30 are sufficiently isolated from one another in the crystals as to substantially prevent 
such interaction. Consequently, the invention provides containment of the API 
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molecules in the solid state crystals and provides for the API to be 
comformationally stable. 

The method preferably involves preparing a mixture of crystals of 
substantially uniform size. This may include processing of the harvested crystals, 
5 such as by grinding or milling, to reduce the crystals to a substantially uniform 
size. Greater uniformity can be achieved by sorting the processed crystals, such as 
by sieving. A preferred method further includes obtaining crystals which have a 
substantially uniform concentration of pharmaceuticals, for example, about 1% 
(w/w) of pharmaceuticals, that do not vary between crystals by more than 10 
10 percent. 

The method of the present invention may further include formulating the 
crystals into pharmaceutical preparations. For example, the collected crystals may 
optionally be coated with a suitable composition. Coated or uncoated crystals may 
be blended with one or more pharmaceutically-acceptable adjuvants, such as 

15 excipients, diluents, carriers or mixtures thereof. The blended crystals and 
adjuvant(s) are then formulated into pharmaceutical delivery units. In one 
embodiment, each unit includes a predetermined amount of the pharmaceutical. 
Alternatively, the crystals are combined in a delivery unit intended to deliver 
multiple or sustained dosing of the API over a period of time, such as by 

20 subcutaneous implantation of the delivery unit. A further aspect of the method of 
the present invention involves reconstituting the crystals to liquid form. In 
accordance with this method, the harvested crystals are dissolved in a suitable 
diluent for the crystal lattice component. The dissolution of the crystals releases 
the API from the crystals. The resulting solution may include other adjuvants, 

25 such as excipients, diluents or carriers, and the mixture is formulated under 

conventional procedures to desired delivery forms. In a particular aspect of the 
present invention, the crystals are used to store the pharmaceutical for a period of 
time, such as at least one month, or at least one year, and the crystals are 
subsequently dissolved to use the active pharmaceutical ingredient. 

30 The present invention involves the use of any of a wide variety of 

pharmaceutically-acceptable host crystal systems that can incorporate API's in a 
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growing crystal lattice. The crystal lattice component is selected to be compatible 
with the guest API, and to be suited to the use of the resulting formulation for 
storage and administration. Selection of the crystal lattice component will involve 
consideration of such factors as affinity for the API, crystal size distribution and 
5 morphology, and desired pharmaceutical concentration and delivery rate, as well as 
other factors well known in the art of pharmaceutical delivery systems. The crystal 
systems must consistently incorporate the guest active pharmaceutical ingredient in 
terms of concentration and placement within the crystal lattice. The crystals also 
must grow under conditions which will not degrade or otherwise adversely affect 

10 the viability of the active pharmaceutical ingredient. 

Preferred host crystal materials are those that have a high affinity for the 
included API. It appears that the oriented inclusion of the API's is related to the 
affinity between the crystal lattice component and the API. The affinity between 
these materials is therefore important in obtaining the desired inclusion of the 

15 API's, and also permits control of the inclusion based upon this affinity. For 

example, the concentration of the pharmaceutical in a crystal can be controlled by 
selecting the host component to have an affinity for the API which yields the 
desired inclusion rate. Also, mixtures of host materials, or of host materials and 
other excipients, can be used to provide an affinity yielding the desired inclusion 

20 level. In one aspect of the present invention, the API's are incorporated at levels 
of at least about 0.001% (w/w of guest:host), more preferably at least about 0.1% 
(w/w). 

The preferred host crystal materials will also be very stable and readily 
crystallizable, and will maintain their "order" or crystal morphology when 

25 including a guest molecule, particularly large biomolecules. The use of particular 
host crystal components will also depend on such factors as how small or large the 
crystals can be produced and how readily they dissolve. For various routes of 
administration, it is desirable to have very small crystals (e.g., pulmonary), 
moderately sized crystals (e.g., injectable), or very large crystals (e.g., implantation 

30 and long term payout). The useful crystal sizes will therefore vary accordingly, 
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ranging from submicron to millimeter sizes. In one aspect of the present invention, 
the preferred crystals are in the order of 5-100 microns in size. 

The useful host crystal systems are therefore diverse, and include various 
small molecule crystal systems which meet the desired criteria. Examples of 
5 pharmaceutically-acceptable crystal lattice components include sugars, 
polyhydroxy alcohols, single and polyamino acids, vitamins, salts, metals, 
preservatives, aromatic compounds especially aromatic acids, purified natural 
products, and polymers. Preferred crystal lattice components include, for example, 
sucrose, lactose, trehalose, maltose, galactose, sorbose, mannitol, lactitol, sorbitol, 

10 glycine, alanine, lysine, arginine, ascorbic acid, nicotinamide, thiamine, adenine, 
pyridoxine hydrochloride, caffeic acid, vanillic acid, ferulic acid, benzoate, 
sorbate, methyl paraben, sodium ascorbate, sodium saccharin, and potassium 
citrate. Also, compatible mixtures of these materials are also useful, and can be 
selected to obtain the desired rate of inclusion of the pharmaceutical, or to achieve 

15 desired characteristics, such as dissolution rate and pharmacokinetic profile, for the 
product crystals. 

The crystal lattice components are selected to achieve the desired 
pharmacokinetics for the final crystals. As pertains to the present invention, the 
term "pharmacokinetics" is used to refer to the profile of the delivery of active 

20 pharmaceutical ingredient from the crystals into the circulatory system. This will 
depend primarily on the concentration of the active pharmaceutical ingredient in 
the crystals, as well as parameters of the active pharmaceutical ingredient itself. 
While given crystal lattice components will have associated inclusion and 
dissolution characteristics, these can be modified by including other crystal lattice 

25 components, other API's, or a variety of excipients. Thus, single crystals having 
two different, co-crystallized lattice components will typically be characterized by 
pharmacokinetic profiles different from crystals prepared with either of the crystal 
lattice components alone. Similarly, including excipients or other API's will 
provide altered rates of inclusion or dissolution for the resulting crystals, providing 

30 an associated modification in the pharmacokinetic profile for the resulting crystals. 
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In a related aspect, the present invention involves the use of mixtures of 
crystals having different pharmacokinetics in order to achieve desired payout 
profiles. For example, a pharmaceutical product can be obtained by combining 
two different types of crystals, one type of crystal using a first crystal lattice 
5 component characterized by a first pharmacokinetic profile, and the second type of 
crystal using a second crystal lattice component characterized by a second 
pharmacokinetic profile. The mixture of crystals will give a payout of API that is 
different from either of the individual payouts for the two crystal types. 
The included API's are similarly diverse, limited simply by the 

10 requirements of compatibility with the host crystal and the crystal growth 

conditions. The active pharmaceutical ingredient cannot be unacceptably degraded 
or otherwise adversely affected by the conditions under which the crystals are 
formed. Also, the active pharmaceutical ingredient should remain stable for an 
extended period of time while included within the host crystal, and 

15 pharmaceutically efficacious upon release from the crystal. 

Given the foregoing criteria, examples of API's useful in accordance with 
the present include: antibiotics (such as dirithryomycin, loracarbef, tilmicosin, 
vancomycin, tylosin, monensin), fluoxetine, raloxifene, olanzapine, and nizatidine. 
A more complete list of API's useful in accordancw with the present invention 

20 would include those identified in the following Table A. 
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TABLE A 

Marketed Recombinant Protein Products 

Tissue Plasminogen Activator, T-PA 

• Product name: Activase (Generic name: Altepase) 

• Produced by: Gencntech 

• Indication: Human use, Acute myocardial infarction 

• Date of approval: Nov 87, Patent expires on Dec 2000. 

• Formulation: Intra venom injection. Lyophflized powder which is reconstituted with sterile water 
(supplied) to ) mg/mL and results in a final pH of 7.3. Can not be reconstituted with preserved water due 
to precipitation. The 1 mg/mL solution can be diluted 1:1 with 0.9% NaG or D5W and help for 8 hours at 
room temperature. TPA is incapable with preservatives. 

Injqydicqts. 1Wg.gvjal gOmgvtal ?PfflgYfal 

T-PA 100 mg 50 mg 20 mg 

L-Arginine 3.5 g 1.7g 0.7g 

Phosphoric acid Ig OJg OJg 

Polysorbace 80 <1 1 mg <4 mg <1.6 mg 

Vacuum No Yes Yes 

• Expression System: Mammalian cell tine (Chinese Hamster Ovary cells) 

• Refolding Conditions: 

Jrf • Structure: Glycoprotein of 527 amino acids, sequence from human melanoma cell line, activity of 
U 580,000 IU/rog, 

• Additional Information: Sales > $ 1 00 million. Cost of therapy 52,750 ( 1 00 mg). 

jpyj 

O . Interferon Gamma-lb 
4 ; - • Product name: Actimnxune 
yJ • Produced by: Gencntech 

^ • Indication: Human use, chronic granulomatous disease 
Q Date of approval: Dec 1990 

Ul • Formulation: Single dose solution formulation (0.5 mL), subcutaneous injection. Each 0.5 mL contains 
rU lOOug interferon gamma-lb, 20 mg mannitoL 0J6 mg sodium succinate, 0.05 mg polysorbate-20 in sterile 

Ms water. 

Q • Expression System: £ eoli 
ry • Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: Single chain; Human sequence, 140 amino acids, 16,465 molecular weight, non-covaient 
dimeric form m solution, activity of 30 million unitsAng. 

• Additional Information: 14% injection site irritation vs. 2% in placebo. Cost S 140 for 50ug. 

Interferon alfa-n3 (natural source, not recombinant) 

• Product name: Alferon N 

• Produced by: Interferon Science (New Brunswick, NJ) 

• Indication: Human use, Geniial Warts 

• Date of approval: Jun 90 

• Formulation: Preserved solution formulation (each mL contains 5 million IU of interferon alfa-n3 in 
phosphate buffered saline containing 3 J mg phenol and 1 mg human albumin). Injected mtralesiana] 
twice weekly for up to 8 weeks (50uL injected into each wart, 500uL total dose per treatment). 

• Expression System: Natural source - human leukocytes which arc exposed to an avian virus in order to 
produce interferon* 

• Refolding Conditions: None 

• Structure: Approximately 166 amino acids with a molecular weight ranging from 16 to 27 kDa, specific 
activity of 20,000 IU/m* or greater. 

• Additional Information: Cost SI 42 per mL. 

Beta Interferon la 

• Product name: Avonex 

• Produced by: Biogen (Cambridge, MA) 

• Indication: Human use. Multiple Sclerosis 

• Date of approval: May 95 



WO 00/76480 



19 



PCT/USOO/16140 



TABLE A 

. Formulation: Lyophilized powder (stored refrigerated or at 25°C for < 30 days) which b reconstitated 
with sterile water (supplied, l.lmL) to 30 ug/mL beta interferon la, 15 mg/mL htmun i albumuu 5.8 mg/ml 
NaCl. 5-7 mg/ml dibasic Na phosphate, 1 .2 rag/ml monobasic sodium phosphate, and has a pH of 
imroxiinatety 7 J (recon solution is stable for 6 hours at refrigerated temperatures). Weekly uitramuseular 
injection by patient or doctor (dosed for 1-2 years in clinical trials). 

• Expression System: Mammalian cells (Chinese Hamster Ovary cells) 

• Refolding Conditions: . . 

• Structure: Glycoprotein (single N-linked complex carbohydrate), 166 ammo acids with a predicted 
molecular weight of 22.500 daltons, human sequence, has a specific activity of 200 million units per mg 
protein. 

« Additional Information: Cost $ 1 80 per vial (33ng) 

Interferon beta-lb 

• Product name: Bctaseron 

• Produced by: Berlcx Laboratories (Wayne, NJ and Chiron, Emeryville, CA) 

• Indication: Human use, Multiple Sclerosis 

• Date of approval: July 93. 

. Formulation: Lyophilized product (stored refrigerated) which is rrconstiruted with 0 J4% Nad (supplied; 
to 025 mg/mL interferon beta-lb. 12.5 mg/mL human albumin, 12.5 mg/ml dextrose, and has a pH of 
approximately 7.3 (recon solution is stable for 3 hours). Injected subcutaneously every other day (chronic 
use). 

• Expression System: £. coli 

• Refolding Conditions: , . ... 

• Structure: 165 amino acids with an approximate molecular weight of 1 8,500 daltons, human sequence but 
with a serine or cysteine substitution at residue 17. Recombinant form does not contain the carbohydrate 
rooierv found in the natural material. Has a specific activity of 32 million units per mg protein. 

. Additional Information: Sales > $500 million. Cost of therapy is 513,140 (based on 0 25 mg/injection, 
dose every other day for 1 year equals 46 mg protein). 

Interferon alfa-2b 

• Product name: Intron A 

• Produced byi Schering-Plough (Madison, NJ) 

• Indication: Human use, Hairy cell leukemia, genital warts, Hepatitis, Melanoma, Kaposi's sarcoma 

• Date of approval: June 86 

• Formulation: Comes m a lyophilized and a solution formulation. The lyophilized formulations when 
reconstituted with 0.9% benzyl alcohol (supplied) contains either 0.015, 0.025, 0.05. 0.90, or 0.125 mg/mL 
Interferon alf*-2b. 20 mg/ml glycine, 2.3 mg/ml sodium phosphate dibasic, 0.55 mg/ml sodium phosphate 
monobasic, and 1 mg/ml human albumin. The solution formulations contain either 0.05. 0.1 14, or 0.125 
mg/mL Interferon alfr-2b, 20 mg/ml glycine, 2.3 mg/ml sodium phosphate dibasic, 0 J5 mg/ml sodium 
phosphate monobasic, 1 mg/ml human albumin. 12 mg/mL niemylparaben, and 0.12 mg/ml 
propylparaben. These formulations be injected intramusc ular, subcutaneous, or lntraksional All 
formulations and reconstituted products are stored at refrigerated temperatures. 

• Expression System: & coli 

• Refolding Conditions: 1 .... 

. Structure: W.tcr soluble protein a moieailarwtight of 19,271 daltons. The Interferon alfa-2b gene is 

derived from human leukocytes. J _ 

• Additional Information: Sales > $500 MOlion. Cost of therapy is S 1 6,445 (5 million units every day for 
1 year, this is equal ro9mg protein). Specific activity is 200 million units per mg protein 

Interferon alfa-2a 

• Product name: Roferon-A 

• Produced by: Hoffinann-La Roche (Nutley.NJ) . 

• Indication; Human u*e. Hjury cell leukemia, Kaposi's sarcoma, myelogenous leukemia 

• Date of appr val: June 1986 

• Formulation: Multi-use and lyophilized formulation indented ^j^^fZ^"^! .1ft 2a 
administration. Mulo-use formulation contains either 0.015. 0.045. 0.090 0.18 mg/ml Jtoterffaon aL&-2a, 
9 mg/ml NaCl 5 mg/ml human albumin, and 3 mg/ml phenol. The lyophilized ^fonnuku^ restated 
with 3 mL of supplied diluent (6 mg/ml NaCl, 3 J mg/ml phenol) consists of 0.03 mg/ml Interferon alfa-2a. 
9 mg/ml NaCl, 1.67 mg/ml human albumin, and 3.3 mg/ml phenol. 

- Es pre id oo Systcou £■ coli (tetracycline promoter). 
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ru" 



• Refolding Condition: ^ _ rtA , u 

. Structure: Protein of 1 65 amino adds having a molecular weight of 19,000 daltoiis 

• , Additional Information: Cost of therapy is S59,200 (28mg protein over 1 year). Specific activity is 200 

million international units per mg protein* 

Human Growth Hormone (Somatropin) 
Product name: BioTropin 

Produced by: Bio-Technology General (Iselin, N3) 
Indication: Human use, Growth Deficiency 
Date of approval: May 95 
Formulation; 
Expression System: 
Refolding Conditions: 
Post-Transitional Modifications: 
Structure: 

Additional Information: 

Human Growth Hormone (Somatropin) 
Product name: Gene tropin 

Produced by: Pharmacia and Upjohn (Kalamazoo, MI) 
Indication: Human use, Growth Deficiency 
Date of approval: Aug 95 
Formulation: 
Expression System: 
Refolding Conditions: 
Structure: 

Additional Information: 

Human Growth Hormone (Somatropin) 
Product name: Hnmatrope 
Produced by: Eli Lilly (Indianapolis, IN) 
Indication: Human use, Growth Deficiency 
Date of approval: March 87 

Formulation: Lyopbilized product which is reconstituted with sterile water conttmmg 0 J% m-cresol, 
1.7% glycerin (supplied) to 2 mg/rnL hGH and has a final pH of approximately 1 .5, subcutaneous or 
inmmus^ um^ustratioa Each 5 mg lyophilized vial contains 5 mg hGH, 25 mg mamntoi, LIS mg 
dibasic sodium phosphate, and 5 mg glycine. 

• Expression System: £. coU. 

m Refolding Conditions: , . _ - x-t 

• Structure: 191 amino acids, molecular weight of 22,125 dalmns, sequence is identical to human pituitary. 

derived material 
» Additional Information: Cost S210 per 5 rng hGrL 

Human Growth Hormone (Somatropin) 

• Product name: Nordi tropin 

• Produced by: Novo Nordisk (Princeton, NJ) 

• Indication: Human use, Growth Deficiency 

• Date of approval: July 91 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Poct-Traiuitional M dlflcatlons: 

• Structure: 

• Additional Information: 

Human Growth Hormone (Somatropin) 

• Product name: Nutropin and Nutropin AQ 

• Produced by: Genenxocb 

• Indication: Human use. Growth Deficiency 



Ri-M 



WO 00/76480 PCT/USOO/16140 

21 

TABLE A 



• Date of approval: Much 1994 mm . _ JkJ _ _ . _ , 
. Formulation: LyoohiHzrd product which is reconstituted with bacteriostatic water (0.9% benzyl alcohol, 

supplied) to 5 mg/mL hGH and has a final pH of approximately 7.4, subcutaneous ox rruramuscular 
aSnistauon. Each 5 mg lyophflizcd vial contains 5 mg bOH, 45 mg manmtol, 1.7 mg sodium 
phosphates (0.4 me monobasic and 1.3 mg dibasic), and 1.7 mg glyeme. 
. Expression System: £ coli, expressed with a leading secretion signal precursor which directs the protein 
tome plasma membrane of the cell where the sequence is removed and the native protem is secreted rote- 
the periplasm to that the protein if folded appropriately as it is synthesized 

• Refolding Conditioni: None, expressed folded in E- coli. 

• Structure: 19 1 amino acids, molecular weight of 22,125 daltons, sequence is identical to human pituitary- 
derived material. 

• Additional Information: Cost $420 per 10 mg hGH. 

P-GIacocerebrosidue (imigluceraie) 

(p^D-grucosyl-N-acylsphingosme glucohydrolase, E.C.3 J. 1.45) 

• Product name: Cerezyme 

• Produced by: Genzyme (Cambridge, MA) 

• Indication: Human use, Gaucher's disease 

• Date of approval: May 94 , . _„ 

• FormmatlimLyophilizedpn^ 

I^™53 mg poly^oAatctgoVsiorcd refrigerated) is reconstituted with 5.1 mL of «te^ water^fmal pH is 
approSnSyi^ The reconstituted material is combined with 100 to 200 mL of 0,9% NaCl and 
administered intravenously. 

• Expression System: Mammalian cell culture (Chine** Hamster Ovary cells) 

• Refolding Conditions: . . - , t • 

• Structure: Monomeric glycoprotein of 497 ammo acids, containing 4 blinked glycosylrton sites, 
molecular weight is 60.430 dattons. Recombinant protein differs from human placental gkcocjmbroadase 
by a arginine Substituted for histidine at position 495 and the g^sylation ^J^ve b«a modified to 
terminate in mannose sugars (which are specifically recognized by endocytic carbohydrate receptors on 
macrophages, the cells that accumulate lipid in Gaucher disease). 

. Ado^nallnfonnation: Orphan Drug, sales > $100 million, Cost of therapy ts S35U30 (1 year). 

Hepatitis B Surface Antigen 
Product name: Engcrix-B 

Produced by: SmxthKline Beechrnan (Philadelphia, PA) 
Indication: Human me, Hepatitis B 

ForotiS hepatitis B surface antigen adsorbed onto 0.5 mg aluminum, 1:20.000 

thimerosal, 9 mg/ml Nad, 1.7 mg/ml sodium phosphates). Intramuscular administration. 
Expression System: A portion of the hepatitis B virus gene, coding for hepatitis B surface antigen, m 
cloned into yeast {Saaxharomycts cerevisiae) 
Refolding Conditions: 
Post-Transitional Modifications: 

Aditional Information: Formulation contains no more than 5% yeast proteins. 

Hepatitis B Surface Antigen 
Product name: Recombivax HB 
Produced by: Merck (Wbitfaouse Station. NJ) 
Indication: Human use. Hepatitis B prevention 

££2£ S^aOwW hepatids B auriace antigen adsorbed onto 0.5 mg aluminum. 1:20.000 
ihinwosal). Intramuscular administration. _ _ 

Expression System: A porti n of the hepaxitis B virus gene, coding for hepatitis B surface antigen, in 
cloned into yeast (Socccharomycts cerevisiae) 
Refolding Conditions: 
Structure: 

Additional Information: Formulation contains no more than 1% yeast proteins. 

Erythropoietin (rEPO) 
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• Product name: Epogea or Epoetin alfe (Also sold under the name Piocri t by Ortho Biotech hut 
manufactured by Amgen) 

• Produced by: Amgen (Thotxsmd Oiks, CA) 

• Indicati n: Human use. Anemia 

• Date of approval: Jane 89, Patent expires in 2004 (December^ 

• Formulation: Two solution fonmilationa, single dose and multi-dose. Single-dose is preservative free and 
each mL contains 2000, 3000, 4000, or 10000 units Epogen, 23 xng human ataman, 5.8 mg sodium 
citrate, 5.8 mg NaCl, and 0.06 mg citric acid in water for injection, pH 6.9 H- 0.3. The preserved mulfr 
dose product contains 10,000 units Epogen, 2 J mg human albumin, 13 mg sodium citrate, 8.2 xng sodium 
chloride, 0.1 1 mg citric acid and 1% benzyl alcohol per mL of solution, pH is 6.1 +/- 0.3. Both solutions 
are stored refrigerated 

• Expression System Mammalian cell 

• Refolding Conditions: 

• Structure: Glycoprotein of 165 amino acids having a molecular weight of 30,400 daltons, sequence 
identical to that of the human protein. 

• Additional Information: Sales > $500 million, Cost S120 for 10,000 units. 

Human Insulin 

• Product name: Humulin 

« Produced by: Eli Lilly (Indianapolis, IN) 

• Indication: Human use, Diabetes 

• Date of approval: Oct 82 

• Formulation: 

» Expression System: £. Coli 

• Refolding Conditions: 

• Structure: 

• Additional Information: Sales > $500 Million. 

Human Insulin 

• Product name: Novolin 

• Produced by: Novo Nordisk (Princeton, NJ) 

• Indication: Human use, Diabetes 

• Date of approval: July 91 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: 

• Additional Information: 

LysPro Human Insulin 

• Product name: Humulog 

• Produced by: Eli Lilly (Indianapolis, IN) 

• Indication: Human use. Diabetes 

• Date of approval: June 1 996 

• . Formulation: 

« Expression System: 

• Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: 

• Additional Information: 

GM-CSF (Granulocyte Macrophage-Colony Stimulating Factor) 

• Product name: Leukine 

• Produced by: Immunex (Seattle, WA) 

• Indication: Human use, Bone marrow transplantation, Hodgkm's Disease, Leukemia 

• Date of approval: Mar 91 

• Formulation: Lyophilixed solution which U reconstituted with sterile water (stored at reftigaatcd 
tcmpersoires for < 6 hours) or 0.9% benzyl alcohol (can be cored for < 20 days at refrigerated 
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temperature*) and administer ed intravenous. After reconstitution, the lyophflized single use product 
contains either 0 J25 mg/mL or 0.50 mg/mL GM-CSF, 40 mg/ml mannitol, 1 0 mg/ml sucrose, and L2 
mg/ml tromethamine (final pH is 7.4 +/- 03). The reconstituted solution is then diluted into a 0,9% NaCl 
bag for IV administration (note if final GM-CSF is below 0.01 mgfmL add human albumm to 0.1% to 
prevent adsoiptkm to the IV bag. 

• Expression System: Yeast (S. Cerevisiae) 

• Refolding Conditions: None, expressed folded. 

• Structure: Glycoprotein of 127 amino acids characterized by 3 primary molecular species having 
molecular masses of 19,500, 16800, and 15500 datoras. The primary sequence differs from natural human 
GM-CSF by a substitution of leucine at position 23, and die carbohydrate moiety may be different from 
native. 

• Additional Information; Specific activity is 5 X 10 7 colony forming units per mg protem. Sargramostim 
is the proper name for yeast-derived recombinant GM-CSF. Cost for a 0.5 mg GM-CSF vial is $178. 

G-CSF (Granulocyte Colony Stimulating Factor) 

• Product name; Neupogen 

• Produced by: Amgen (Thousand Oaks, CA) 

• Indication; Human use, Neutropenia, bone marrow transplantation, anemia 

• Date of approval: Feb 9 1 

• Formulation; Single-use solution formulation containing 0.3 mg/mL G-CSF, 10 xriM sodium acetate, 3% 
inannito l, and 0.004% Tween-80 at a pH of 4. Tie product is to be stored at refrigerated temperatures and 
no more than 24 hours at room temperature. If required. Neupogen can be diluted with D5W (no not dilute 
with saline at any time; product may precipitate), at concennations below 5 to lS^g/mL, add human 
albumin to 2 mg/mL to prevent adsorption to IV bag. 

• Expression System; E. coli. 

• Refolding Conditions: 

• Structure; A 1 75 amino acid protein with a molecular weight of 18,800 dahous. The protein has an amino 
acid sequence identical to the human protein except for an a d diti on a l N~tenninal methionine (necessary for 
expression in E colt). The human protein is glycosylated but the recombinant Neupogen is not 

• Additional Information; Sales > $500 million. Filgrastim is the name give to recombinant methionyl 
human G-CSF. Cost of therapy (lung cancer) is $2,130 (4.2 mg protein over 14 days). Specific activity is 
30 millio n units per mg protein. 

Satumomab Pendetide 

• Product name: OncoScint CR/OV 

• Produced by: Cytogen (Princeton, NJ) 

• Indication: Human use, Colorectal and ovarian cancers 

• Date of approval: Dec 92 

• Formulation: 

• Expression System; 

• Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: 

• Additional Information: 

InterleuJdn-2 

• Product nam*: Proleukm (generic name: Aldetieulrin) 

• Produced by: Chiron (Emeryville, CA) 

• Indication: Human use, Renal cell carcinoma 

• Date of approval: May 1992 

• Formulation: Single-use lyophilized formulation which is reconstituted with 12 mL sterile water and 
administered intravenously. Each reconstituted product c o ntain s 1 . 1 mg/mL Proleukm, 50 mg/ml 
mmnnitol. and 0.18 mg/ml dibasic sodium ph cphate (pH is 7.5 +/• 0.3). Lyophilized product i$ i*«d at 
refrigerated temperatures, reconstituted product is stable up to 48 hours at refrigerated to room 
temperatures, but should be stored in refrigerator due to lack of preservatives. Addition of preservatives 
results in increased aggregation, addition of human albumin alters pharmacology. 

• Expression System: £ coli (tetracycline promoter). 

• Refolding Conditions: 
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Structure: Prolculrin has a molecular weight of 15,300 dafcons and differs from the natural human protein 
(is not glycosylated, the N-temrinal alanine U removed, and has a serine substituted for the free cysteine at 
position 125) 

Additional Information: Specific activity is 1 8 million imemational units per 1.1 mg protein. Coet is 
S395 per 1 J mg protein. 



Soraatrem 

• Product name: Pro tropin 

• Produced by: Genentecb (S. San Francisco, CA) 

• Indication: Human use. Growth deficiency 

• Date of approval: Oct 1985, patent expired on Oct 1992. 

• Fonnnlatiom Lyophilized formulation which is reconstituted with 0.9% bcn2yl alcohol (supplied) and 
administered intramuscular or subcutaneous. The lyophilize d vial contains 5 mg Somatrem, 40 mg 
mannitol and 1.7 mg sodium phosphates {0.1 mg sodium phosphate monobasic and 1.6 mg sodium 
phosphate dibasic) and is reconstituted with 1 to 5 mL of 0.9% benzyl akohoL The lyophihzod product is 
stored at refrigerated temperatures, the reconstituted product is good for 14 days at refrigerated 
temperatures. 

• Expression System: E. coti. 

• Refolding Conditions: 

• Structure: Contains 192 amino adds with a mokcular weight of 22,000 daltona. Iden tic al to human 
sequence but contains an ertra methionine at the N-tenninus. 

• Additional Information: Sales > $100 million. Cost of therapy is $13,1 10 (1 year, 313 mg protein) 

DNase (deoxyribonnclease I) 

• Product name: Pulmozyme 

• Produced by: Genentech (S. San Francisco, CA) 

• Indication: Human use, Cystic fibrosis 

• Date of approval: Dec 1993 

• Formulation: Inhalation solution (aerosol mist produced by a compressed air driven nebulizer system). 
Comes in a single-use 23 mL ampule containing 1 .0 mg/mL DNaae, 0. 15 mgAnL calcium chloride 
dihydratc, and 8.77 mg/ml sodium chloride, at a pH of 6 J. The solution is stored at refrigerated 
temperatures and should not be exposed to light. 

• Expression System: Mammalian cells (Chinese hamster Ovary cells) 

• Refolding Conditions: 

• Structure: Glycoprotein of 260 amin o acids having a molecular weight of 37,000 daltons. The primary 
sequence is identical to that of the native human enzyme. 

• Additional Information: Sales > S 100 Million- Cost is $32 for 2.5 mg of protein (1 ampule) 

M-CSF (Macrophage-Colony Stimulating Factor) 

• Product name: Leucomax (generic name: Molgramostim) 

• Produced by: 

• Indication: Human use, 

• Date of approval: FDA unapproved 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: 

• Additional Information: 



Epoetin Beta (Erythropoietin) 

• Product name: Marogen 

• Produced by: 

• Indication: Human use, 

• Data of approval: 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Post-Transitional Modifications: 
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Structure: 

Additional Information: 



Polyribonucleotide 

• Product name: Ampligen 

• Produced by: 

• Indication: Human use, 

• Date of approval: FDA Unapproved 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Post-TrausitionaJ Modifications: 
9 Structure: 

• Additional Information: 

Human Serum Albumin 

• Product name: 

• Produced by: 

• Indication: Human use, 

• Date of approval: 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: 

• Additional Information: 

Septomonab? 

• Product name: Genioxin 

• Produced by: 

• Indication! Human use, 

• Date of approval: Not FDA approved 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: 

• Additional Information: 



Protein 

• Product name: 

• Produced by: 

» Indication: Human use, 

• Date of approval: 

• Formulation: 

• Expression System: 

• Refolding Conditions: 

• Post-Transitional Modifications: 

• Structure: 

• Additional Information: 
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Approved 



B I O T ECHNQLOGV 

gag" 



Drugs and Vaccines 



Company 



Indication 



Comu™ 

Haemophilus b 

conjugate 

(meningococcal 

protein conjugaat) 

and hepathb b 

(recombinant) 

vacdn* 



Merck 

Whitohouse Station, NJ. 



recombinant vaccination of infants beginning at two months of age 
vaccine against both invasive Haemophilus infaenzae type b 

diseases (Hib) and hepatitis B (October 1996) 



Engerix-f • SmithKJint Beecham 
hepatitis B vaccine PhilMotiphi*. PA 
(recombinant) 



recornWriant hepatitis B (September 1989) 
vaccine 



EPOCEN* 

Epoetin aid 
CrSX» 



Amgen 

Thousand Oaki, CA 



erythropoietin treatment d anemia associated with chronic renal 
failure, including patients on dialysis and not on 
dialysis, and anemia in Retrovir*' treated HiV-infected 
padents (June 1949); treatment of anemia caused 
by dteu otherapy in patients with nofwnyelotd 
malignancies (April 1993); prevention of anemia 
associated with wrgieai blood (oa autologous Uood 
donation adjuv ant (December 199 6) _ 



Epoetin atfa 

UEPO) 



OrthoSiooech eryeVopoietin treatmert of anemia assocl aOFri with chronic renal 

fUritan^NJ failure, inducing patients on dialysis and not on 

diah/re, and anemia in Retrovfr*treated HlV^rtfected 
patients (December 1990); treatment of anemia caused 
by <±ernotherapy m patients with rtofwnyefaid 
mallgnandes (April 1 993); prevention of anemia 
associated with surgical blood lost autologous blood 
donation adjuvant (December 1996) 
IPROOVT was approved fcr/rwnterin* under Amgen's epoetin alia PIA. Amgen manufacturer the product tor Onfto BiotachJ 
UnoVa^asnjemenrbtmeenlfwn^ 



Cene tropin™ 

sornatropm 
(rONA origin) 
for injection 


f» use exouotng ouiysis ana 
Pharmacia & Upjohn 


human 
growth 
hormone 


short stature in children due to growth hormone 
oWiciency (August 1995) 


Ceref» 

human growth 
hormone 


Serono Laboratories 
No/well, MA 


powth 
{actor 


evaluation of the ability of the somatotroph of the 
pituitary gland to secrete growth hormone 
(December 1990); petfatnc growth hormone 
(tenciericy(OdDber1997) 


Gona*-l* 

recombinant human 
foJlide-tftlmuLattag 
hormone 
(nFSH) 


Serono Laboratories 

Norwtfi,MA 


recombinant 

fertflty 

hormone 


female infertility (September 1997) 


HumaJof™ 
insulin liepro 


Biuny 

tnfitnapofis, IN 


ncsrnbinant 
insulin 


dabetes (June 1996) 



Humaaope* 

somafinoptn 
CrONA origin) 
for injection 



BJUih/ 
(nrfanapoffc eV 



growth 



(March 1987) 
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Approved Biotechnology Drugs and Vaccines 



Prodact 
Name 



Company 



HomuJIn* 

human insulin 
(rtcomWwt 
DMA origin) 



01 Ulty 

tndiwpoHs, IN 



recombinant diabetes (October 1962) 
insulin 



interferon aJfacon-1 



Amgen 



interferon treatment of chronic hepatitis C viral infection 
(October 1997) 



fci*ron*A 

interferon a(U*2b 
(recornbrnant) 



Schering-Plough 



interferon hairy ceil leukemia (June 1 986); genital waru 
(June 1 9S8); AlOS-relaied Kaposi sarcoma 
(htoumber 1983k hepatitis C (February 1991); 
hepatitis 0 (Jury 1992); malignant melanoma 
(December 1995); follicular rymphoma in conjunction 
with dieniothefaPY(Nc^trnpef 1997) 



D 



n 



LlI 



ru 



KoGENate* 

anrtiemophiliac 
factor 

(recombinant) 

Uuidrte™ 

sajgramostim 
IGMOf) 



Bayer Coponuion, dotting 
Ftamtaceulicaf Division factor 
Wot Htvcn, CT 



treatment of r>emophiiia A (February 1993) 



immune* 
SeaCtf#,*VA 



colony autolopxs bone rrorrow transplantation (March 1991k 

stimulating neutropenia resulting from chemotherapy in acute 
factor myelogenous leukemia (September 1995); alkgsnec 

bone marrow transplantation (November 1995); 
peripheral blood progenitor cell mobilization and 
jranspjanation (December 1995) 



MyoScw* Centocor 
nruclrocnab penjegjg Ma/ycny PA 



MAb 



mvocarcKaJ infarction imaging agent (July 1996) 



Neuroega* 

oprjcjydgn 



Cenedo Institute 
Cambridge, MA 



MAb prevention of severe chemc4h«rapy4nduced 
thrombocytopenia (Novembef 1997) 



NlUfOCEnr* 

Filgrastim 
(rG-C5F) 



Amgen 

7hcwndOaJfcs,G* 



colony chornomerapy-indoced neutropenia (February 19911; 

stimulating autologous or allogeneic bone marrow transplantation 
factor (June 1994); chronic severe neutropenia 

(December 1994k support peripheral blood 
progenitor cell transportation (December 1995) 



soniatroptn 
(rONA origin) 
for injection 



NovoNordisk 
Prwnraceuucab 
Princeton, NJ 



human 
growth 



treatment of growth failure in children due to 
inadequate growth hormone secretion (May 1995) 



NovoGn* 70730 
7091 NPH human 
insulin isophane 
suspension 
A 30% regular, 
human insulin 
injection 

urambtfiant DNA 
origin) 



NovoNordisk 
Pharmaceuticals 
Princeton, N) 



recombinant 
insulin 



IruuKn^dependert diabetes mellitus (July 1991) 



NovotbrM 
Unte* human 
insulin zinc 
suspension 
(recombinant DNA 
origin) 



NovoNordHk 
Pharmaceuticals 

Princeton. NJ 



recombinant 
insulin 



insuiirvdependent diabetas mellitus (Jury 1991) 
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J Mtl Sr t Indication 



NPH, human 
insulin iff)phane 
suspension 
(nxsmbifantONA 
origin) 
Novolm** 
regular, human 
insulin injection 
(recnmbinartDNA 
origin) 



Company 

NovoNordisk 
Pharrnaoeuticalf 

Princeton* N/ 



recombinant insulin-dependent diabetes meilituJ (July 1 991 ) 
insulin 



NovoNordisk 
Pharmaceuticals 



recombinant lnjuJln-d^ende»udIab«esmeiniu»(hHy 1991) 
inwlin 



Noftropui^ 

somatrupfn 
for injection 

NutrepinAQ™ 

somatropfn 



Genentech 

S. Sin fnnciscn CA 



human 
growth 



Generate* 

£ 5an Frznciscar CA 



human 
growth 



growth failure m children due to duwc renal 
insufficiency, growth hormone inadequacy In dilldren 
(March 199*); Turner's syndrome (December 1996); 
growth hormone inadequacy in adults (December 1997) 

growth failure in children due » chronic renal 
insuffideiicy, growth hom^ 
(December 1995): Turner's syndrome (December 1996k 
growth hormone inadequacy in aduhs (December 1997) 



R S 



Q nc oScmt* 
CHOV 
satumornab 
penoeooc 



CYTOCEN 
PrincMtan, Nl 



MAb deteoion, staging and follow-up of colorectal and 

ovarian cancers (December 1992) 



ORTHOCLONE 
OKTO 

muromonab-CD3 

froteuldrr* 
aldesleukin 
(inierieukin-2) 



Ortho Biotech 
Chiron 

Bfrwyvitte, CA 



MAb 



reversal of acute kidney transplant rejection 
(June 1986); reversal of heart and river transplant 
rejection (June 1993) 



intcrieukin renal call orcmcma (May 1 992k metastatic melanoma 
(January 1998) 



Pmsfa£dflt+ 

capromab 
pentejaje 



CYTOCEN 
Princeton, NJ 



MAb 



Genentech 

S. San Frandsca. CA 



for injection 



Pul uiuay e&eP 
dorrase alpha. 



Cenentech 

5. San Frzndsco, CA 



detection, staging and follow-up of prostate 
adenocardncma (October 1996) 

human growth hormone deficiency in children 
(October 19851 



recombinant cystic fibrosis (December 1 993b management of 
ONase advanced cynic ffrrosis (December 1 996) 



human 
growth 



RecomWrtete m 

anUhemophilic 
factor recombinant 
(rAHB 



Baxter HeahhcanV 
Hy^and Division 
Gicnd*Jt,CA 
Ctnetia InsAute 
Camfarjtfet, MA 



dotting 
factor 



hemophilia A (December 1992) 



RKOMSIVAXHB* 
hepatitis a vacdne 
(recombinant), MSO 

Kcfludan™ 

lepirudln 
IrONAJ 
for injection 



Merck 

Mrtehousc Station, N] 



HoectW Marion Roussei 
tonsasQty.MO 



reoxnb'nant hepatitis 8 prevention (Jury 1 986) 
vacdne 

recombinant heparin-induced throrrtoytopenia type II 

anocoagulant (March 1998) 



WO 00/76480 



29 
TABLE A 



PCT/USOO/16140 



Approved Biotechnology Drugs and Vaccines 

Company 



Product 



Indkatfon 



tepanex* 

becaplermin 



OfthoMcNtfl 
PhvmaceutiaU 



growth lower extremity diabetic neuropathic ulcere 

factor ©ecember 1997} 



Rtortu* 

abcbtimab 



Centocor 
Eli Lilly 

indanipoiis, IN 



MAb anU-pla»l*t prevention of blood dots in the setting of 
high-risk percutaneous transluminal oratory angioplasty 
(December 1 994); refractory unstable angina when 
percutaneous coronary Intervention 1$ planned 
(November 1997) • 



Retrrase 11 



Boehringcr Mannrwm 

fc/thws^MD 

Centocor 

Ma/wry^ 



tissue 

plasminogen 
factor 



treatment o/ acute myocardial infarction (October 1996) 



□ 

o 

o 



gjtuxjn* Cenentedh 
rituximab 1 San FtzndXQ, CA 
iDECWiannaceutlcals 
SinD*ga,CA 



MAb treatment of relapsed or refractory low-grade or 

follicular CD20-tx$it!ve B<el! non-Hodgkin's 
rymphcrna {November 1997); 



RofefOfiM 
interferon al£a*2a, 
recombinant 



Hoftnann-U Roche 



Sacen* 

somatropin 
(rONA origin) 
for infection 



Scrono l a bor at or ie s 



human 
growth 



hafry ceil leukemia dune 1 986); AlDS-related Kaposi's 
sarcoma (November 19Mk dironic myelogenous 
leukemia (November 1995); hepatitis C 

frtovember1996) 

pediatric growth hormone deficiency (October 1996) 



Senafe!" 
soma tropin 
(rONA origin) 
lor injection 



Serono Laboratories 

NarweU,MA 



human treatment of A!D$*$sodated otabolism/vvasting 

growth (August 1996); pediatric HIV failure to thrive 

hormone (February 1996") 



□ 
rU 



Veriuma* 

nofetumomab 



Boehri n ger Ingelhejm 
RidpfcktCT 
Naofcc 
5e«k, WA 



MAb 



detection of smaJkdl lung cancer {August 1996) 



Vride* 

cldofovir in)ealon 



Glead Sciences 
foster City, CA 



nudeotide 
anajogue 



cytomegalovirus retinitis in AIDS patient* (June 1996) 



Zenapaot* 

dadizumab 



HorTmann-U Roche 

Nudcy.Nl 



MAb prevention of acute Wdney transplant rejection 
(December 1997) 



The content of this survey has been obtained through government and industry sources based on the latest information. 
The information may not be comprehensive. For more specific information about a particular product contact the WMduai 
qyryany directly. 
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Biotechnology Medicines in Development 

A1PS/H1V Infection and Related Conditio 



Product 
Nimt 



Company 



Product 
Ca tegory 



Indication 



NS 

Development 
States^ 



AEM39and 

AO-519 

combination 



Tarw Bwsystem* 
Houston, TX 



MAb 



WVinfectiotv AIDS 



Phase I 



AD-439 MAb, 

ami-HlVtoV3 

Ioop0/jp120 
protein; neutralizing 
antibody 



Tanox Siasyswra 
Houston TX 



MAb 



HIV infection, AIDS 



Phase II 



AL>519 MAb, 
am>-HIVtoC4 
region 

protein; neutralizing 
awhody 



Tanox Biosystems 
Houston, TX 



MAb 



HIV 



AIDS 



Phase H 



AifenwLDO* 

interferon alfa-fd 



Interferon Sciences 
NewBmnSwkkN) 



interferon AJDS^nlattd complex, AIDS 



Phase W 
Phase HI 



AJfcronN 



Interferon Sciences 
Newflnrfwrex, H} 



HIV infection 

(see also infectious diseases) 



interferon alfe-A3 



confection (HMHCV) 



Phase II 
Phase U 



AlVAC-MN Pasteur MerieiaConrwught 
12-TMC Lyons. Fmce 
(vCP205) Virogenetics 
A/bannNV 



vacant 



HIV infection 



A/npBgene 



autologous gene- 
mocfffed 
hematopoietic 
flffli cefls 



Herraspberx Siopharma 
NcwYofKNY 



SyStemix 
PibAko.CA 



interferon HIV infection 

(see also cancer, infectious diseases, 
other) 



pne therapy HIVinfcaJon 



Phase II 



Phase I 



genetharapy 



CdlCenesys 
Foster City, CA 
Hoechst Manon fexssel 



gene therapy infection 



gp120 
vaccine 



VaxCen 

S.S*nFf*nd*CQ,CA 



vaccine 



AIDS 



HIV4TM 

HIV-1 aiBerrWrtv 
retroviral vector 



Chiron Vogem 
SanDicJfcCA 



gene therapy asyrrgxomajic HfV-1 infection 



HIV vaccine 
to>120) 



Chiron 



vaccine 



AIDS 



Phase II 



Phase II 



Phase U 



Phase II 
Phase I 



interleukin-iO 

fll-1 01 



Schertnf-Pkxjgh 
Madison, M 



interleukin 



(see also autoimmune, digestive, 
heart, neurotogic respirwpry, *in) 
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A1PS/HIV Infection and Related Conditions 



Product . 




Product 
Category 


aidkatfon 


Status r 


ISlS 2922 
fornrvuwn 


hil Prurmaceuticals 
OrlsbtdLCA 


amfsense 


cytomegalovinjS retinitis 


Phase ill 


SB 13312 


Ufcftarmaceuftals 
^sfaodCA 


anttsense 


cytomegalovirus retinitis 


Phase 1 


L«*tat"< 

sargnmosiim 
(CM-CSF) 


Immunex 
SeatffclVA 


colony 

stimulating 

factor 


adjuvant to AIDS therapy, 
HIV infecrtoa prevention of 
infection in MVpatientt 
(see also cancer 


Phase U 


mernantine 


Neurooiowgtcaj 
Technologic* 




AIDS dementia complex and 
AID5*related neuropathic pain 
(see also diabetes) 


Phased 


MPl* 

tfnmunomodulirof 


Ribi hnmunoChem 
hUmitton, MT 


vaccine 


AIDS 

face also infectious diseases) . 


Phase! 


vaccine 










NEUFOGSN* 

Filgrastim 
(rCCSF) 


Amgen 


colony 

stimulating 

factor 


treatment and prevention of 
neutropenia In HIV patients 
(see also cancer, respiratory) 


application 
submitted 


• recombinant 
hum^n chorionic 
gonadotroph 
(r-hCQ 


Ares-Serono and 
Serono Laboratories 
Notwdl, MA 


recombinant 
gonadotropin 


Kaposi's sarcoma, AlDS-refeted 

hypogonadism 

ucc also inienMiijj 


Phase l/U 


PEC imerieuJdn.2 


OtifOfi 

bneryvilkf CA 


inteneuxin 


with Retrovir* 


phase Q 


PMPA 


G2lead Sciences 
Foster City, CA 


nucleotide 
analogue 


HJV infectiorvAIDS 


Phased 


Preveon™ 
ideravirdttMvoxil 


Gilead Scit nces 
rosier dty, LA 


nucleotide 
analogue 


HIV infection, AIDS 


Phase M 


PRO 367 


Progenies Phirmaceuticals 
Tim/Town NY 




HIV Infection 


Phase 1 


PRO 542 


Progenia rmannaceuu'cafc 
Tsnytown, NY 




HIV infection 


Phase) 


PrcWdn* 

aldesleukin 
Gnierleuldn-2) 


Chiron 

Em&ytilk, CA 


interteukin 


HIV infection m combination 
with Retrovir* 
(see also cancer) 


Phase Mil 


Reraune 

HtV-1 irnmuncgen 


Immune Response Corp, 


immune* 

based 

therapy 


HIV seropositive 


Phase IU 


retroviral vector 
with 2 ribozymo 


Chiron 

ErneryvtV/ft CA 


gene therapy 


HIV infection 


Phase W 


TBC-3B 
(vaccinia virus 


Thenon Biologies 


vaccine 


AIDS prevention 


Phase 1 



expressing Htv 
genes env,gag 
and pal) 
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Autoimmu ne Disorders 

■ " Product 



Name 



Company 



Category ImCotkm 



deaminase- 
transduced 
autologous CD34+ 
PSCor 

umbilical cortf 
placental blood 



N^onalCanor Institute 
Btthadf,MD 



gene therapy 



severe combined 
immunodafciency 



Phase I 

NCI Thai 



cells . 


adenosine 
deaminase- 
transduced 
T cells 


National Cancer Institute 


gene therapy 


l«v«re combined 
immunodeficiency 


Phase 1 

NCI Thai 




Anergen 

kd*oodGty, CA 


functional 
antigenic* 
tmmuno* 
therapy 


rheumatoid arthritis 


Phase 1 


AnervaX 1 " 


Anergen 

««Mtxx/C7ry, CA 


oeotide 

vaccine 


rheumatoid arthritis 


Phase 11 


Avakint™ 

chimeric ami-TNF 


Certtocor . 


MAfa 


rheumatoid arthritis 
(see also digestive) 


Phase 01 


OWOUgand 


8iogen 


MAb 


lupus, immune thrombocytopenic 
purpura 


Phased 


clenoibdmab 


(DEC Pharmaceuticals 
Sin Diego. CA 
SmhNQim Beecham 
Philxklphh PA 


MAb 


rheumatoid arthritis 


Phase 11 


ConXn 1 - 

relaxfri 


Connetics 
PiJoA/to,CA 


reoombinanr 

human 

protein 


scleroderma 


Phase 11 


Dims 

tumor necrosis 
factor CTNF) 


Immunex 
feJOfe WA 

Wytth-Ayrot Laboratories 


recombinant 

soluble 

receptor 


rheumatoid arthritis 


Phase HI 


h5Cl.1 


Alexion Pharmaceuticals 
NfwHiv&KCT 


MAb 


lupus, rheumatoid arthritis 


Phase Vii 


IDC&131 
humanized MAb 


IO€C Pharmaceuticals 
$v\Ditgo,CA 


MAb 


systemic lupus erythematosus 


Phase 1 


IL-2 fusion protein 
DAB ln KL-2 


Seragen 

HapkvioitMA 


fusion 
protein 


severe rheumatoid arthritis 
(see also cancer, sHn) 


Phase W 


imerleukin-10 
(11-10) 


Schering-Plough 
M*fiscn,NJ 


imerieukin 


rheumatoid arthritis 

(see alio AIDSWV, tfgestive, heart, 

neurologic respiratory, skin) 


Phase II 


IR SOI 

therapeutic 

vaccine 


Immune Response Corp. 
Crt&KtG* 


vaccine 


rheumatoid arthritis 


Phased 



ISIS 2302 



Ists Pharmaceuticals 
Orist^LCA 



antisense rheumatoid arthritis 

(see also digestive, sbr% 
^applanation) 



Phased 
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A u t o i m m une Disorders 



Product 


Company 


Product 

Category 


Indication 


povetepwitttf 


MOX-33 


Mederex 

Ann*ntkh, N) 


MAb 


autoimmune (fiseases, idiopathic 
thrombocytopenic purpura 


Phase 1 


OKTHOOONE 
OCT4A 


Ortho Biotech 


MAb 


treatment of CD4-mediat»d 
autoimmune diseases 
Um aiso transpbmaifon) 


Phase II 


QuaMrfw 

interteukin-4 
CM) 


Schering-PloujK 


imerkukin 


rheumatoid arthritis 


Phase 1 



SMAaT™An*-CD3 Protein Design Late MAb autoimmune tfiease* 

HuM291 A*3una*TVJew,C* tee aiso Baniplanwioiv) 



D 
O 



hi 



m 
ru 
u 

o 



Product 
Name 


Company 


Product 
Category 


Indication 


Development 
Status 


CPC-111 


Cyprw Pharmaceuricals 
CmishxLCA 


ceflular 
therapy 


slddecetl dsease 
bee also heart! 


Phase U 


Factor VIII 


Transkaryotic Therapies 


tent therapy 


hemophilia A 


Phase 1 


CA-EPO 


Hoecrm Marion Rouod 
K*t**Gty.MO 
Transka/yorx Therapies 
Gimbndjge* MA 


erythropoietin 


anemia associated with 
dvonic renal failure 


Phase II 


KogenafeN 

fFVtU 


Bayer 

Btrhky, CA 


dosing 
factor 


hemophilia A 


Phase in 


recombinant facto* 
Vita 


Novo NorrJsk 
Pharmaceuticals 
Princeton Nf 


clotting 
factor 


treatment of hemophilia A&Bwith 
and without antibodies against 
factors VUIAX 


Phase til 


Opto™ 

recombinant human 
hemoglobin 

bHbi.il 


So rrutogen 
Bovlckf,CO 


recombinant 

human 

hemoglobin 


oxygen-carrying agent and 
alternative » red blood cell 
transfusion 


Phase II 






Stimulation of red Mood Cell 
formation 


Phase 1 


Refado* 

recombinant ttcot 

vni 


Genetics Institute 
Qmbr^eMA 


dotting 

(actor 


hemophilia A 


Phase W 


YM-337MAb 


Yaminoudu USA 


MAb 


platelet aggregation 


Phase} 



White Ptims, NY 
Profein Design tabs 
Mountain VJe*, CA 
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Cancer 


and Related 


Conditions 




Product 
Name 


Company 


Product 
Category 


Indkafion 


LgvewpmenT 


U1KhTNT-1/B 


TechnicJone 

TvSiflCA 


MAb 


malignant glioma 


Phase 1 


Aastroin™ 
Ceil Piodurifap 
System 

stern and progensc* 
cell oqamion from 
tone marrow and 

umbificsJ corf 
blood 


Aastrom Biosciences 
AwtA^ocM) 


cellular 
therapy 


cancer imnujnosuppression/ 
Wood and immune system 
recovery for patients receiving 
ablative chemotherapy 


Phase 11 


interferon 
gamma-lb 


National Cancer Institute 

Bcth&dlMD 

Gcnentech 

$. Stf FtxicucQ. CA 


interferon 


colon, lung, ovarian, prostate 
cancers, melanoma 


Pha46ll 
rrwc ii 

NCI TeiAi 


technetium-Wft> 
FAb'fogment 
(getmcelD 


lammomc&a 
MomPUins,Nl 


MAb 


extent of dsease staging of Irrer 
and genn cell cancers 


Phase II 


allogeneic 
hematopoietic 
stem cell 
transplantation 


SyStem ix 
Palo Alto, CA 


cellular 
therapy 


advanced leukemia, lymphoma, 
myelodysplasia syndromes 


nwoc i 


ABovtaift-7 

DNA/liptd cofcpJex 
tncodlftfl HLA-B7 


vtcaj 


gene therapy 


advanced metastatic melanoma, 
nnrwrnectable souamous cell 
card noma of the head and neck 




ALT 

Uutotymphocyte 
therapy) 


Ceilcor 

Newton, MA 
CYTOCCN 


cellular 

energy 


metastatic renal cell carcinoma 
Octdney cancer) 


PhiMlU 
completed 


AlVAC-87.t 


National Cancer Institute 
Bdhod*,MD 


o#fi£ tneraov 


melanoma 


Phase) 

NCI Thiai 


ALVAC-CEA-87.1 


National Cancer bodtufc 
B*t*sd3,MD 


tene (heraov 


advanced adenocarcinomas 


Phase 1 

NCI Thai 


AlVAC-CEA 
vaccine 


National Cancer lroriMe 
BethefrMD 


vaccine 


advanced cancers 


Phesel 

NCI Trial 


AlVACJL-12 


National Cancr Institute 


vacdne 


melanoma 


Phase 1 

NCI Tijal 


vaccine 


BethediMD 

Pasteur Meneux Comuught 

tyom fiance 






Ampfgen* 


Hemtsphea Siopiurma 
NwYort AfY 


interferon 


renal cancer 

bee also AiDSMV, infectious 
diseases, other) 


Phase HI 


ami-cancer 
gene therapy 


CeflCenesy? 


gene therapy 


colon cancer 


Phase W 


antMdkxype 
monoclonal 


Novanis PharmacoutieaU 
tot Hxmtr, NJ 


MAb 


cancer 


Phase 1 



antibody 
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Cancer 


and Related 


Conditions 




Product 


Company 


Product 
Category 


Indication 




Will" 1 IQrffrU O 


National Cancer Institute 
Bethesd^MD 


MAbHOXin 


leukemia, lymphoma 


Phase I 

NCI TeiAi 


arti-transfcrrin 
MAfa 


National Cancer Institute 
Bettm&MD 


MAb 


t . — J iifiKim i ■ ii I'll ■■ innfT 

advanced* refractory solid tumors - 


Phase 1 

NCI TtiAl 


anti-VEGF 
humanized MAb 


Geneneech 

SL San Fnncisco, CA 


MAb 


cancer 


Phase 1 


autologous 
hematopoietic 
aem cells for 
autologous 
hematopoietic 


SySremix 
PahAtto, CA 


cellular 
therapy 


hematopoietic reconsftution in 
patients with multiple myeloma, 
non-Hodgkin's lymphoma, 
breast cancer 


Phase Wl 


autologous peptide- 


National Cancer Institute 
0e(ncxfa,M0 


cellular 
therapy 


advanced soufl tumon) 


Phacel 

NCI Trial 


•MUIUMU 

transduced CD3*+ 
bone marrow 
and peripheral 


National Cancer institute 


gene therapy 


breuj cancer* myeloma 


Phase! 

NCI Thai 


Avickfn* 

MAb conjugate 


Jartssen Pharmaceutic! 

Neoto 
toafe, VVA 


MAb 


colorectal, lung, prostate cancers 


Phase II 


Avianc™ 
CTP-37 


AVI BioPhafma 
PonUnd,OR 


vaccine 


colorectal, pancreatic cancers 


Phased 


Aromu* 


Siogen 

Camfam/^MA 


interferon 


glioma 

(see alio neurologic) 


Phase n 


B7 transftcted 

allogeneic 

melanoma 


National Cancer Institute 


vaccine 


melanoma 


Phase 1 

NCI Thai 


cell vaccine 










□tut, anti-roiofype 

MAb 


■nxaionc vyiwntt 
Sarwvltk, NJ 


vaccine 


melanoma, snafi-cell lung cancer 


Phase 1 


recombinant 
beta interferon- 1b 


National Cancer Institute 
BethcsdiMD 
Berlex laboratories 
Wayne A(f 


Interferon 


non-unalkell kmg cancer 
bee also neurologic) 


Phase III 
NCI Thai 


bispecific 
antibody 


Chiron 

£mer>v?7/e, CA 


MAb 


cancer 


Phase 1 


C225, ainf-EOR 
chimeric MAb 


ImOone Systems 
Scmerviik, S] 


MAb 


epidermal growth factor receptor 
positive cancers 


Phase II 


CampathtH 


LeukoSiie 


MAb 


chrtriclynTphocyta 


In clinical 
trials 
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Cancer and Related 



Product 
Name 



Company 



Cond iti ons 

Product 



Category Imficafion 



earcinoembryonic 
antigen peptfde-1 
vaccina 



National Cancer institute 



vaccine breast pswiwestfnal tract 
lung cancers 



CEACde" 
humanized 
anti-CEA antibody 
(hMN14) 



MAb 



colorectal cancer 



Morris PtimM 



Development 

Status 



Phase) 

NCI TtlAi 



Phase u 



OA^can™ 
ted u ntiui i i-99m- 
amttunomab 
(breast) 



Immunontedics 
Momi Ptoms, N) 



MAb extent of disease staging of breast 

cancer 



Phase 11 



03 

feat, 

Si 



o 

SS 3 



CEA-Scan™ 

technetiurn-99rn- 

aroturnomab 

flung) 

CEAVac™ 
antiidiotype 
antibody vaccine 

ceil therapy 



Irrtrnunomedics 
Morris flito,N) 



MAb extent of disease caging of lung 

cancer 



Titan Pharmaceuticals 
LSinfranascxCA 



vaccine 



cokjrecalcancar 



CymTrierapeutics 



cellular cancer pain, urniejiaMe/\jnreJieved 
therapy by other forms of treatment 



Alkermes 
Cambridge. MA 



Cewport 1 " 

(RMrV) 
and carboplatin 

chemotherapy- Cenetix 
resistant RylNY 
bone marrow 

chimeric MAb 
14,15 



recurrent malignant brain tumor 



gene therapy treatment of cancer patients 
requiring chemotherapy 



National Cancer Institute 
BrthmdiMD 



MAb 



melanoma, neuroblastoma 



CM 101 



CarboMed 
Brentwood, TN 



cancer 



Phase tU 



Phase II 



Phase » 



Phase 111 



Phase W 



Phased 
NCI Tiial 



Phase VD 



Cma-676 Wyem-Ayent Laboratories 
PhibddphiiPA 



MAb relapsed acute rrryeJogenous 

leukemia 



CM6-401 



WyedVAytrst laboratories 



MAb 



ovarian cancer 



colon 
cell line 



immune Response Corp. 
CiHsbtdCA 

SkineyKimmei Cancer Centx 
$inDkgo,CA 



vaccine 



colon oncer 



CM53,774 OS1 Pharmaceuticals ceOular 

UniofxWt, NY therapy 
Pfcer 

New York NY 



cancer 



CT*2584 



Oii Therapeutics 
JearteWA 



ovarian, prostate cancer, 



Phase Mil 



Phase W 



Phase 1 



Phase! 



Phase 1 



cytoslne deaminase 

gene^denoviral 

vector 



GenVec 

RocMllc, MD 



gene therapy colon cancer 



Phase I 



r 
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ru 



Cancer 


and Related 


Conditions 




Product 


Company 


Product 


Indication 


Development 
Status r 


IhlFN^yOO] 
Raroveaor^ 
hlFN^ retroviral 


QiifonVlagtne 

Jin £/K$0, LA 


gene therapy 


metastatic melanoma 


Phase 1 


DA/H\j(gamm*).13- 
mmdjced 
autologous tumor 
cell? and interferon* 


Uinon viasjene 
SanDrep?, CA 


gene therapy 


stage IV 

malignant rneiinurna 


Phase! 


gamma expressing 
trarcdbcarJ 
autologous tumor 
criUtcombinarion 










DA/Hu(gjrnrna).15- 
transduced 
autologous tumor 
crilvITAT 


Chiron Viagene 
An uiego, la 


gene therapy 


disseminated 
malignant melanoma 


Phase t 


daniplestfrn 


Scale 
Skokic, (L 


growth factor 


mobilization of peripheral 
blood stem cdb 


Phase ill 


dendritic cell 


Dendrtnn 

Atountt/n View, CA 


cellular 
therapy 


advanced prostate cancer 


Phase Mil 


therapy 


mufcpfc myetoma 


Phase \ 


E/A lipid complex 
ttgOCC^A) 


Targeted Cenetics 
SeaafeW* 


gene therapy 


breast head and neck, ovarian 
cancers 


Phase! 


EOF Won protein 
OAB^CF 


Seragen 

Hoplanton, MA 


fusion protein 


non-smalkri! lung cancer 


Phase VII 


erythropoietin 


National Cancer Institute 
Onho Biotech 


erythropoietin 


neuroblastoma 


Phase 11 
NCI TeiAt 


ERM8 
immunotoxin 
fuiion protein 
(recombinant) 


National Cancer Institute 
BctxscbMD 


fusion protein 


advanced stage solid tumors 


Phase l 

NCI TeiAi 


PwWittfraiM 

and alveolar 
maboomyosarcoma 
peptide vaccine 


National Cancer institute 
BcthtsfrMD 


vaccine 


sarcoma 


Phase! 

NCI Taui 


Finiigand 


Nalonjl Cancer Institute 
Immune* 


growth factor 


melanoma, renal cell cancer 


Phase 1 

NCI TtlAL 


C3139 


Ccma 

SwOrepvGs 


amJwnst 


cancer 


Phase 1 


gamma interferon 
gene therapy 


Chiron 

fineryvifl^CA 


gene therapy 


cancer 


Phase! 
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r a wr to 


and Related 


Conditions 






Product 
Name 




Product 
Cateaonr 


Indication 


8aT5f^ ! 




Castrimmune™ 

rmjfnfhri nfr CI 7 
i rani •14*11 ig ww 


Aphton 

WoodUndCA 


vaccine 


1 1 ill n«M"t it nin jmfjf* ^tmnach 

CQlUICUdJ/ pBMWII^ JIUHIBWI 

cancers 

(see also digestive) 


Phase W 




CcmVb* 


Centocor 


vaccine 


colorectal ameer 






CtMM 


Genetic Therapy 
r*j.jifumJumi iufi 


gene therapy 


gfiofalatfoma multiforme 


Phase IN 




GM^SFctHuUr 


PtTwderjed Vaccines 


vaccine 


melanoma, sarcoma 


Phase 1 




CMK 

gangfiostde 
antigen 


3n*ol-My*r3 Squibb 

flL * i if jui hit 

Progenia Pharmaceuticals 
TtftytQMftt, NY 


vaccine 


prevent recurrence following surgery 
to remove primary melanoma 


Phase HI 


u 

o 


gpl 00 adenovirus 

vtcone 


National Cancer institute 
dethcsd*,MD 
Cenzymt Molecular 
Oncology 


vaccine 


melanoma 


Phase 1 

NCI Thai 


so 


fplOC peptide 
vaccine 


National Canes institute 


vaccine 


melanoma 


Phase 1 

NCI Thai 


+» 

y 


CVAtf* 
cancer vaccine 


Cell Gcnesys 
FostetOty.CA 


vaccine 


prostate, king cancers, melanoma 


Phase W 


5 

0 


ncK-i/neu 


NaH/vuI Cancer Institute 
fletnesrfa, A<0 


vaccine 


breast, colorectal, ovarian, 
prostate cancers 


Phase 1 

NCI TeiAL 


01 

fli 


Hefttptta" 
tras&izunab 

farvLHEB..? 

huiunladMAb) 


Generriech 

5. San fnnascQ, CA 


MAb 


breast cancer 


Phase m 
completed 


o 
ni 


HPVJ6.E6andE7 
peptide vacone 


National Cancer insttua 


vaccine 


cervical cancer 


Phasei 

NCI Thai 




HPV£7lipopeptide 

YittVC 


National Cancer Institute 
ffettedt WO 

CyteJ 

SsnDitgo, CA 


vaccine 


cervical cancer 


Phasei 

NCI Thai 




HPV vaccine 


Medlrnmunt 
Ciithcrsbur^MD 
SmtthKllne Bceduro 
toilx&phk,PA 


vaccine 


cervical cancer 

(see also Wectious diseases) 


Phasei 




MSPPC-96 
(autologous 
timor derived) 


Antigenic* 
NewYorfgrVy 


heat shodc 
protein 


melanoma, pancreatic 
renal cell cancers 


Phasei 




human growth 
hormone 


Tranikaryotlc Therapies 


gene therapy 


cancer cachexia (musde wasting) 


Phase! 




• IDEGJnBB 


{DEC Pharmaceuticals 
Oicga CA 


MAb 


rtorvHodfetirrt S<dl rymphoma 


Phase Wl 




IOEC-Y288 


iDECPhinnaceudals 


MAb 


norvHodgWn's B-cell lymphoma 


Phase Ml 



$*nDkgo,CA 
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Cancer 


and Related 


Condi 


HONS 




Product 
Name 


Company 


Product 
Category 


Indication 


States^ 


Leucovoptn 

GM-CSF 


Ganger* 


colony 

stimulating 

factor 


mobSuarion of peripheral Wood 
stem cefl$ in patients with 
adjuvant breast cancer 


Phase III 


Uofot™ 

svgnmomn 
(GM-CSF) 


Immune* 


colony 

stimulating 

factor 


prophylaxis and treatment of 
dic«xxherapy4nduced neutropenia, 
prophylaxis of dwrioihefapyJrdiiced 

HMtfrfwrMi in acute mveloeenous 
leukemia 

(see also AJDSHIV) 


application 
submitted 


Leovectfn 
DMVfcpid complex 


VrcaJ 

5an Diego, CA 


gene inerapy 


nmoatp rancxr renal cetl carcinoma, 
melanoma, sarcoma 


Phaiei 


LP 2307 


LiOAX Pharmaceuticals 

Li fOil&4 LA 


vaccine 


malignant melanoma 


Phase l/ll 


LR-3001 


tnex ftarrnaceuticals 


antbense 


chronic myelogenous leukemia 
in accelerated phase or blast crisis 


Phaael 


IYM-1 


Techniclone 


MAb 


lymphoma 


Phase Mil 


Lymptodde'" 
anti-CD22 


Imnxinomedics 
AfcrwPiairty nfl 


MAb 


rwn-Hodgxm'l B-cell lymphoma 


Phase W 


LjrmpboScafl™ 

techri8thjm-9Sn>- 

bectumomab 

(lymphoma) 


fmmunomeda 
Moroflawt^ Nj 


MAb 


exaent of isease staging of 

non-ncogran * e^eii lyinpnuin** 

detection of restfuai ooease 
following radiatJorVcheriwtherapy 


Phase 111 


MAb 


QaxoWdlcorne 
fcch. TrunglePvk NC 


MAD 


lungr prcsurc cancers 




MART-1 

adenovirus 

vaccine 


National Cancer Institute 
BcthcsfaMD 
Genzyrne Molecular 
Oncology 
Cambridge, MA 


vaccine 


melanoma 


BUw. 1 

rime i 

NCI Trial 


melanoma 


National Cancer Institute 


vaccine 


metastatic melanoma 


Phase ! 

NCI Thai 


vaccine 










MOM" 


Titan Phanrnceuticeis 


gene therapy 


enable h#vdose chemotherapy 
wfth reduced side effects 


Phase 1 


MOX447 

b specific antibody 


Medansc 


MAb 


head and neck, renal cancers 


Phase VII 


MOX-H210 
bfspecirlc antibody 


Mederex 
Annand*J9,NJ 


MAb 


breast, colorectal kidney, ovarian/ 
prostate cancers 


Phase l/ll 


Mdadne* 

melanoma 

ihencdne 

(therapeutic 

vaccine) 


Ribi ImmunoChem 
Hsmikon, MT 


vaccine 


stage IV me) noma with interferon 
alpha 


Phase III 
completed 


Ribi ImmunoChem 
Ham/ Aon, MT 
Southwest OnooJogy Group 
SanA/Wo/vo, TX 


vaccine 


stage II melanoma in patients with 
no evidence of disease to prevent 
recurrence fallowing surgery to 
remove primary dbeue 


Phase III 



WO 00/76480 



40 
TABLE A 



PCTAJSOO/16140 



s 



III 



Cancer 


and Related 


Conditions 




Product 


CnmiMftV 


Product 
Category 


Inificaiion 


Development 

sums 


r»ame 

myeloid progenitor 
mhitxtory tactOM 


Human Genome Sctences 

JUJCftVIffC* trihf 


interieukin 


chernoprateQion 


Phasel 


mytteou^trivtd 
idiotypic antigen 


National Cancer Insotute 


vacdne 


i-« 1 ,|nn -i 

mubxpta myeloma 


Phase 1 

NCI TftiAL 


NRIPOCB* 

Filgrastim 
(rC-CSH 


Amgen 

ThovstndOakCA 


ooiony 

stimulating 

(actor 


acute myelogenous leukemia 
(tee also AIDynlv, respiratory; 


application 
submitted ' 


PEG4-aspa/agrnase 


Enzon 

Rhorie-Ptoutencftonx 

nrujw/Ae, rvy 




C» h» * lii^ianf a/ into 

nrsHine ueauiwi or moms 
lymphoblastic leukemia (All) 
aduk ALL ncn-Hodgkin's lymphoma, 
chronic lymphocytic leukemia 


in din'cal 
triab 


OnoolyiH* 


Tedinldene 


MAb 


malignant glioma 


Phasel 


Oncoftad*rK 

/VT 1CIL_V QA 


CYTOCHN 
PrlnrHm. Nt 

rl«HrUi«V * V 


MAb 


targeted raotocnervpy «v prawc 
malignancies 


Phase 11 


satumonub 
pendetide 


CYTOCEN 

j*g if lffpBnW. nM 


MAD 


rl^^-t inn <noifi# xw4 SftiloM^4iO 

oerecuoftt staging aim h^h/^v^ 
of breast cancer 


Phase ft 


ONYX-015 


Onyx PhannaceuBcala 

n • f i ■ i mr/ 


oncolytic 
virus therapy 


p53 deficient cancers 


Phase tft ^ 


pS3andRA5 
vaccine 


National Cancer Institute 

Oii<it»^<t * /ft 

pdtnesas, MU 


vaccine 


solid tumors 


NCI Trial 


p53 tumor 


Schering-Plough 


gene therapy 


lung cancer 


Phase II 


suppressor gene 


M*dbon,NJ 




solid tumors thai cany the 
d?3 tene mutation or deletion 


Phasel 


rMYQJtX* 

ednxoiomab 


Centocor 
Ma/vrra PA 


MAb 


adjuvant therapy for post-operative 
colorectal cancer 


Phase IM 


peripheral blood 
transduced with 


National Cancer Institute 
Bed*td*,MD 


genetnerapy 


owijii wnLci 


Phasel 

NCI TtlAk 


a pw encoding 
a chimeric T-eell 










Proteukin* 
aldesleukin 
{interietiioiwS 


Chiron 

fmeryvnVe, 04 


imerleukin 


acute myelogenous leukemia* 
nor>4Hodgkin'$ lymphoma 
(see also AJOS/HIV) 


Phase ll/lll 


promegapoletln 


StaHe 


growth factor 


axijur)Ctrveriematopo^ 
blowing cryotherapy 


Phasel 


Prosbrac 

recombinant 
vaccina virus 


Therion Biologies 
Ca/nbrfc^s, AdA 


vKdne 


prostate cancer 


Phase VII 
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Tamcer and Related Conditions 



Product 
Name 



Company 



Initiation 



RA5 5-17 peptide 
vaccine 



National Cancer butrMt 



vaccina 



SOlid tUmOB 




iOAVkom 

recombinant 
caiciflOtmbryonk 



Protein Sciences 
Maiden, CT 



vaccina 



breast, colon cancers 



Rebrr* Serono laboratories 

recombinant Noroe/t A44 

Interferon bflfrla 



interferon 



colonctal cancer 

bee al so infectious diseases, 



riongralkdIUmg cancer 



Phase Ul 



PhaseW 



recombinant human 

interleukln-12 

(nMU» 



Genetics Iratitme 
Cimbridft, MA 
WyedWtyer* laboratories 
PtuixklphU.rA 



Ifuerteukm cancer 



(see also infectious diseases) 



Phase W 



retroviral vector 
with tumor necrosis 
factor jene 



Chiron 

E/rtwfyytffa* OA 



gene therapy melanoma 



rf-gp100 
(recombinant 
rwlpox virus) 



Therion Biologies 
Cambr idge. MA 



vaccine melanoma 



rf*MAKT.l 
(recombinant 
fowlpoat virus) 



TTierion Biologies 
Ombridge, MA 



vacane 



melanoma 



Phase I 



Phase I 



RIGSan'OtU 
125kc49MAb 



Neoprobe 
Dublin, OH 



MAb 



colorectal cancer 



Ritual 
rioodmab 



National Cancer Institute 
BcthesdiMD 
(DEC Pharmaceuticals 
San Diego. CA 



MAb 



leukemia, lymphoma 



Roferon*-A 
interferon alta-2a, 
recombinant 



Hoffmann-La Roche 



interferon malignant melanoma adjuvant 



application 
submitted 



Phase ll 
NCI Txiai 



Phase Hi 



rV.gplOO 
(recombinant 
vaccinia virus) 



Therion Biologies 
CjmbridgzMA 



vaccine melanoma 



rV-MART-1 
(recombinant 
vaccinia virus) 



Therion Biologies 
CitDbttdgCf MA 



vaccine melanoma 



Seroslm™ 

somatropm 
(rONA origin) 
far injection 



Serono laboraaories 

Norwtll.MA 



human cancer cachexia 

growth (see also other) 

hormone 



Jtusel 



Phual/ll 



recombinant 
imerleukln-o* 

MM) 



A/*s-Serono and 
SemnoLaborasnts 

Nor#eil,MA 



interleukm hematologiai conditions 

(mytlo^plastlc syndromes, cancer) 



Phase 1/0 
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Name 
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Product 
Category 



Indication 



HuMl 95 



Protein Design Labs 
Atouno/n Vfew, O 



MAb 



acme myeloid leukemia 



acute promyeJocyrjc leukemia 



advanced myeloid leukemia 
(whhMsmuth-213) 



Phase Il/UI 



Phase II 



Phase I 



stem cdl factor 



Amgen 

Thousand OsHCA 



stem cell 
boor 



adjunct to chemotherapy 



application 
submitted 



SU101 



SUCEN 

«ed*cedOry,G4 



PDCF. 



malignant glioma 



tyrosine 

kinase 

inhibitor 



solid tumors 



Phase Ul 



Phase II 



Phase V" 



2 



SU5416 



SUCEN 

fetn«xx/Gry,G4 



angtqgcnesJs 
inhfcitor 



solid 



TBCCEA 
(vacrwtia virus 
e*pres*ing 
carcmocmbryonic 
antigen) 



Therion Sto to gta 



vacont 



colorectal and lung cuncen 



TCefl-HOM 



Coulter Cellular Therapies 
Boston,** 



cellular 



Tnefatope* 

synthetic 
carbohydrate 
therapeutic 
vaccine 



Biomira 

Edmonton, Albert* 
Chiton 

Emeryville. CA 



vaccine 



breast career 



Phasel 



Phase Ml 



Phase VII 



Phase tl 
completed 



ru 



Gcnentech 



erythropoietin thrombocy to penia related to cancer Ruse II 



Thyrojen* 

recombinant human 

thyroid^timulating 

hormone 



Cenzyme 
CimbtkfaMA 



detection and treatment d 
thyroid cancer metastases 



TNT 



TechnJdone 
Tusbn,CA 



MAb 



non-Hodgkin's 8-cell lymphoma 



solid tumors 



application 
submitted 



Phase Mil 



Phase! 



IdAB™ 
antiidiotype 
antibody 



Titan Pharmaceuticals 
5.5u*aftdK*G* 



vaccine breast cancer 



Phase II 



TriGBW 
anri-kfiotype 
antibody vacdne 



Titan Pharmaceuticab 

S.S*nhmdsco,CA 



vaccine smaJI-cell lung cancer, melanoma 



Phasel 



urate oxidase Sano/i 
(recombinantly New York, NY 
produced enzyme) 



recombinant prophylaxis for chemotherapy* 
enzyme related hyperuriconia, tnsament 
of cancer-related hyperuricemia 



Phased! 



r 
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Cancer 


and Related 


Conditions 






Product 


Company 


Product 
CaleRory. 


Indkation 


Development 




vaccmb-CEA 

130K0 

vaccine 


National Cancer frotftute 
B*hexU,MD 
Therion Biologies 
Cunbridgc* MA 


vaccine 


advanced colorectal cancer 


Phase 1 

NCI Thai 




Vaxid 

antiidiotype OKA 
vaccine 


Vka! 


vaccine 


B-cell and mantle cell lymphomas 


Phadel 




Xerecepf™ 
human 
corticotropin* 
releasing fictor 


Neurobiotofica! 

Technologies 

ffidirnondCa 




brain tumor edema 


Phase n 


o 

jit 


Zcnapax* 
dadizumab 


HdCntantvla Roche 

Protein Oesipi labs 
Mountain View, CA 


MAb 


certain blood cancers 

(see also eye, neurologic skin, 

transplantation) 


Phase n 


CO 
ft 

■ass- 


Diabetes 


and Related Conditions 






Product 
Name 


Company 


rfOfiUv* 

Category 


Indication 


JjKmtopment 


s 

o 


Beta tint 

transforming growth 
factor-beta 2 


tonzyme Tissue Repair 
Citnbndgz, MA 


growth 
factor 


chronic cfiabenc foot uken 


Phase II 


rs = 

5 ^ 

La 


BetaJU-H 

encapsulated 


VTvoRx 

$int2 Mania, CA 


cellular 
therapy 


insdirniependent diabetes 


Phase 1 


vesr 


Befell** 

encapsulated 
porcine islets 


VIvoRx 

SinaMMKJj CA 


ceOular 
therapy 


m^iiHlependent diabetes 


Phase! 




BctalWr 

encapsulated 

proliferated 


vivofcc 

Sana Mama, 


cellular 
therapy 


tnsulm-dependent diabetes 


Phase 1 




Guogcn™ 

recombinant human 

glucagon 

(protein) 


NovoNofdifk 
Pharmaceuticals 
Print ef on, ^ff 


recombinant 

human 

protein 


hypoglycemia 
(see a bo digestive) 


Phase 111 




glucagon 

for injection 
frONA origin) 


Eli Lilly 

tmStadpofa, IN 


recombinant 

human 

protein 


to treat severe hypoglycemic events 
in patients with diabetes and to aid 
in ganoimasinal diaptosdc 
procedures 


application 
submitted 




insulinotropin 


Soos 

Mxmti/n VTew, CA 




type 2 diabetes 


Phased 




rnenvntine 


NeurobJobgkal 
Technologies 
Richmond, CA 




painful diabetic neuropathy 
bee also AIDSWV) 


Phase if 




nerve 

growth boor 


Cenertfech 
juSinftandscaCA 


growth 
factor 


<Sab«ic peripheoJ neuropamy 


Phase 111 
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Diabetes and Related Conditions 


Product 




Product 

Category 


Indication 


Development 
Status 


prmagedinc 


Alteon 

tomsey, NJ 

Genenach 

£ San ftancisea ^ 




diabetic progressive kidney disease, 
diabetic end-stage kidney disease 

(ma jlcn riMjf nloffic) 


PhseUI 


pnmlintide 


Amyiin Pharmaceuticals 
Sin Diego, CA 


human 
amylm 
analog 


improved metabolic control 
which includes glucose, weight 
and lipid profiles in type 1 and 
insulin- using type L owoeirs 


Phase 10 


rONA insulin 


Inhale Therapeutic Systems 
ft fe) AM 


recombinant 
insulin 


diabetes 


Phase n 




Sen** 

Austin, TX 


human 
growth 
hormone 


dlabens^eiated illnesses 
(see also growth disorders) 


PhaseD 


Digestive Disorders 








Product 
Name 


Company 


Product 
Category 


Indication 


Devclupnicnt 
Statos 


Avalrine'" 
chimeric anti-TNF 
antibody 


Centocor 
Mahm,PA 


MAb 


Crohn's disease 
(see also KJtoirnmune) 


application 
submitted 


neutralizing Cl 7 
hormone 


Aphton 

VVoorfanrf,C4 


vaccine 


gastroesophageal reflux disease, 
peptic and nonsteroidal 
am^flammatory drug ulcers 
(see also cancel 


Phase W 


•it 

hi! 


NovoNordsk 
Pfwrnumitirals 


recombinant 

human 

protein 


gastrointestinal modlhy inhibition 
(see also diabetes) 


Phase ni 


interieukin-10 
a-10) 


Schering.Wovgh 


imerieukin 


Crohn's dbease, ulcerative colhls 
(see also AJDS/HIV autoimmune, 
heart, neurologic respiratory, skin) 


Phase II 


15)52302 


IsaPhamiaceuticals 


anriseme 


Crohn's dbease, ulcerative cofitis 
(see also autoimmune, sfen, 
transplantation) 


Phase n 


LOP-02 


Cenencodi 

1 San fonosco, CA 

leukoma 

Csn+ridfrMA 


MAb 


inflammatory bowel disease 


PhaseD 


IcukoScm* 
tul«(Oflub 


InvnunofiicoJcs 
Morris Pkim, N) 


MAb 


inflammatory bowel dfceue 
(see also infectious diseases) 


Phase II 


recombinant human 
irtarWo'MI 


Genetics MitUt 


interieutdn 


Crohn's disease 


Phased 



m 

s 

o 

HI 

las! 

R! 



recombinant 
platelet activating 
factor* 

acetyffiydrolase 

(rPAMM) 



ICOS 

BoMhWA 



pancreatitis 

(see also respiratory; 



Phase II 
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Eye Conditions 

Protect " 
Name Company 



Category 



indkatiow 



BPD44A QlTPhotoThenpeutia 



Development 



age-related macular degeneration Phase III 



MDX-RA 
immunoCoxifi 



Zenapax* 
dtdiaumab 



Medarex 
Aiv*ndak,NJ_ 



Hoffmann-La Roche 

Nutky,NJ 
Protein Design Lata 
Atounttin Wew, CA 



MAb 



rxewuta of secondary cataoct 



MAb uveitis 

(m also cancer, neurologic skin, 
transplantation} 



Phase III 



Phase HI 



Cenetic Disorders 



r~8 



ry 



Product 
Name 



Company 



Prodsct 
Category 



Indication 



AAVCFTR 
gene therapy 



Targeted Genetics 
Seetrie, WA 



gene therapy 



cystic fibrosis 
(ice abo respiratory) 



Development 
Status r 



Phase I 



CFTR/adenovtrw 
vector 



Cenzyme 



gent therapy cystic fibrosis 



Crndipid 
vector 



Cenzyme 
C*mbridg*,MA 



gene therapy cystic fibrosis 



ex vivo stem celitf 
retrovirus vector 



Cenzyme 
Cambridge, MA 



gene therapy Gaucher's disease 



CR21 34878 



Claxo Wellcome 
Rsch> Triangle Park, NC 
Megabios 

BudmgmcCA 



gene therapy cystic fibrosis 



Phase! 



Husel 



Phase! 



Phase Ml 



GV-10 



GenVec 
Rockvilk.MD 



gene therapy cystic fibrosis 



HP-3 



Milkhaus laboratory 
BcxfonL MA 



signalling Cystic fibrosis 



NeupTt* 1 * 

recombinant human 
bactericidal/ 
pesmeability- 
increasing protein 
Cr8PU1) 



XOMA 
Berkeley, & 



recombinant cystic fibrosis exacerbations 
hunan (see also infectious diseases, other) 

protein 



Phase! 



Phase Q 



Phase I 



Pulmoxyme* 
domase alpha, 
recombinant 



Cenentech 

5. 5an fnmdsco, CA 



recombinant early Irtfcfvention in cysk fixnsis Phase III 
ONase 



x-galachosidaseA 



Tomkaryotic Therapies 
Cjmbndge, MA 



enzyme 



Fabry's disease 



Phase) 
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Growth 


Disorders 








Product 

HlttH 


Company 


»i_n_l | 

rrooucT 
Category 


Indication 


st55f? pmttlt 


pralmoreHn 

(CPA-743) 


Wyeth-AywstLabofawrtcs 

Philadelphia PA 


human 
growth 
hormone 


adult growth hormone deficiency 


Phase 1 




Aikermes 
Cambridge MA 
Genentcch 


huran 
growth 
hormone 


growth hormone defidency 
in children 


Phase III 


WJNA origin) 
for injtaion 


Serono Laboratories 
NorwWC A*fA 


human 
growth 
hormone 


management of adults with growth 
hormone disorder, intrauterine 
growth retardation in children 
bee also other) 


Phase III 


Tjovtrtf" 


Sensus 
AustfaTX 


human 
growth 
hormone 


acromegaly 
(see also diabetes) 


Phase n 


Heart D 


ISEASc 








Product 
Nam* 


Company 


product 

Category 


Indication 


Status *^ 


AaiTecf" 


Diatxfe 


peptide 


detection of carotid thrombus 


Phase It 


anr>CD18 


Genentech 

5. San Francisco, CA 


MAb 


acute myocardial infarction 


Phase 1! 


BioByPa*™ 

therapeutic 

anglogenesU 

CVICfl 


CenVec 
RockvitlcMD 


gene therapy 


cardiovascular disease, 
including cardiac artery disease 
and peripheral vascular disease, 
either as an adjunct or alternative 
to editing surgical approaches 
such as carctac artery bypass 
urate and angioplasty 


Phase l 


Bianmt™ 


Neofbx 
Seattle, WA 




reduction of restinosis (vascular 
remodeling) following balloon 
angioplasty 


Phase l 


QpiSOrtt 


Cenjocor 
Afcn/eraPA 


MAb 


amerosderorjc plaque Imaging 
apert 


Phase! 


CotMVifr^M 
12DI0-Fab 


Gentocor 
Coras 

5m£*ejo, CA 


MAb 


thjomboJyrJc compftcationsof 
percutaneous trandumfnal 
coronary angioplasty, coronary 
arterial starts, disseminates 
intravascular coagulation 


Phase 1 


CPC.U1 


Cypres PharmactUicals 


cellular 
therapy 


coronary bypass surgery 
(set also blood) 


Phased 


factor Vila 
inhibitors 


Corvas 

Sin Diego, CA 




deep vein thrombosis, pulmonary 
embotism, unstable angina, 
myocardial infarction 


Phase! 


HBIAST* 

trafemun 


Scka 

MounuJn Vkw f CA 
WyerfMycrs Laboraaxfes 
PhiMtfprV^m 


growth 
factor 


peripheral vascular disease* 
comnary artery disease 
(see also neurologic) 


Phase II 



p 

lb 
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Heart Disease 










Product 
Name 


Company 


froducr 
Category 


Indication 


SUtS^ 




gene therapy 


Collateral Thwacautics 

San D/ego, CA 


gene therapy 


exertional angina 


Phase t/ll 




growth tactor 


Chiron 

£meryvflkG4 


growth 
factor 


coronary anay disease 


Phase 1 




(recombinant) 


Alcjuon rnwiiM ixhki>" 

Enzon 

Ptoowav, W _ 




cardiopulmonary 
bypass^ssodated inflammation 
using SCO* technology 


Phase II 




Hu23F2C 
MAb 


IC05 


MAb 


myocardial infarction 
(see a bo neurologic other) 


Phase 11 




integrum'" 
eptifibatide 
(nhAJU platelet 


Schtring-Plougfj 




percutaneous transluminal 
coronary angioplasty, 
unstable angina 


application 
submitted 


s 


aggregation 
inhibitor) 


M*dHon,NJ 




acute myocardial infarction 


Phase II 




irrtefieuktfvIO 
01-101 


Sdiering-Ptough 


interleukin 


ischemic reperfuson injury 
(see also AIDVHIY, autoimmune, 
digestive, neurojogjc, respiraTory, wn/ 


Phase! 


4== 


lanoceplase 


Bristol-Myers Squ fob 




acute myocardial infarction 


Phase D1 


3 

yi 


LR-32B0 


Inex Pharmaceuticals 
Vancouver* BC 
Schwa* Phamu 


antbense 


cardiovascular restenosis 


Phase II 




imaging agent 


American Biogenetic 
Sciences 


MAb 


in vivo imaging agent for the 
deration of carojovascular 
thrombosis 


Phase W 


0 
PJ 


MPl«-C 

immunomodulator 


Ribi ImmunoChem 
Hamilton. MT 




prevention/amelioration of 
cardiac ischemia rtperfusion Injury 


Phase 11 ™ 




Natrecor« INF 


Setos 

Mountain View, CA 




acute congestive heart failure 


Phase Id 

compJeteoV 

application 










car diovascuUf pulmonary surgery 


Phase 1 




argatroban 


Teas Biotechnology 
Houston, 7X 




hpoariiMndi iced 

thrombocytopenia 
thrombosis syndrome 


application 
Submitted 




ReoPro* 

abciximab 


Centocor 


MAb 


unstable angina 
(see also neurologic) 


Phase III 






Eli Lilly 

In&tntpotis, IN 




acute myocanSal inuuoion 


Phuofl 




rhAntflhrombift in 


Cenzyme 




control ol blood dotting during 
coronary artery bypass surgery 


Phis* II 
completed 




TNK 

(second-generation 
r-PAJ 


Cenenfech 

£ 5an Francisco. CA 


l-PA 


acme rnyocardttJ infarction 


PtMJtHI 
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HEART 


Disease 








Product 
Name 




Product 
CateoofY 


Indication 


OevetopeMfti 
Status 


mo 


TCdl Sciences 

HLnjTj-ffvirn MA 


recombinant 

soluble 

receptor 


heart attack 

(see also respiratory, transportation) 


Phase 1 


VECF 


Cenentsch 
S.Stnfnndsca.CA 


growth 
factor 


coronary artery disease 


Phase 1 


VECF «1 
(vascular 
endothelial 
growth factor) 


Sck» 

Mounain View, CA 


growth 
factor 


cardiovascular disorders 


Phase) 


Sibratiban 
Oral IIMlla 
antagonist 


Cenemech 

5, San Frsndica. CA 




acute coronary syndrome 


Phase Ul 


Infectious Diseases 








Product 
Name 




Prod net 
Category 


Indication 


Status r 


adefovir diprvoxil 


Gtlead Sciences 
ft*jrerOry,CA 


nucleotide 
analogue 


hepatitis B 


Phased 


AlfamNGel* 


Interferon Sciences 
New Sfunswlck, NJ 


interferon 


human fjapfllomavirus infections 


Phase II 


Alteon N 
Injection* 
interferon aKa-rO 


Interferon Sciences 
New Brunswick, NJ 


interferon 


chronic hepatitis C infections 
(see also AlDSMV) 


Phase IH 






genial warts 


Phase « 


AflipfigCft* 


Hemisphere Bwpharrru 
rVewYortfVY 


interferon 


hepatitis 

(see also AlDVHIV, cancer, other) 


Phase VII 


anttomof necrosis Chiron 
factor MAb Emeryville. CA 


MAb 


sepsis 


Phase IHH 


CimpykUatr 
vaccine 


Anrex Biologies 
Ctitntaburg, MO 


cellular 
vaccine 


traveler's diarrhea 
(Qmpyfobacfier infections) 


Phase II 


CM V vaccine 


Chiron 

Emervvf He, CA 


vaccine 


cytomegalovirus infection 


Phase U 


OTaP vaccine 


Chiron 

Emeryville, CA 


vaccine 


olphtheria, tetanus, 
acelkilar pertussis 


Phase III 


EpsteirvBarr virus 
vaccine 


Aviron 

Mouna in View, CA 
SmrthlOtM Beecham 
PhJhdtfahl*, PA 


recombinant 

subunk 

vaccine 


prevention of EpsteirvBarr virus 
infection (cause of mononudeosis 
hfedion) 


Phial 


genoal herpes 
vaccine 


QaxoWeOcome 
toduTrttngftPirkNC 


vaccine 


genital herpes 


Phase 1 



.We/icobecier 
vaccine 



Artec BWogfcs 
C*Hheaburg,MD 



ceJbtar peptic ulcers 

vaccine Vfe/kzeacter pyhri infections) 



Phase I 
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iNFEctious Diseases 



Ro55 

Nam* 



Company 



Product 



Indication 



hepatitis A 



Chiron 



vaccine 



hepatitis A 



hepatitis 8 ONA 
vaccine 



Powder jea Vaccines 



ONA 
vaccine 



hepatitb B prevention 



heparitb B vaccine 
(recombinant} 



SmithlOine Beecham 
PbilxkfpNi.PA 



vaccine 



treatment erf hepatitis B 



herpes simplex 

vaccine 

(recombinant) 



SmhhWine Beecham 
PhilxMpN^PA 



vaccine prevention of herpes simplex 
infection 



Statin 



Phase IB 



Phase! 



Phase U 



Phase Hi 



ui 
ru 

fU 



HPV vacdne 



human 

amnnepatibs B 

antibody 

(OST577) 



Medmmune 

Ca/fhefsbtmj, MO 
Smith Kline Beecham 
W/adcfrtoPA 



vacdne 



genital wans 
(see also cancer: 



Protein Design Labi 
Mounia/n VSew, 



MAb liver transplantation dut to 

chronic hepatitis B infection 



Intrant A 

interferon aKa-2b 
(recombinant) 



Schering-Plough 



WnaneA/ 
Rene**" 

tnterfcron alta-2b 

(recombinaml/ 

ribavirin 



Schering-Plough 
Midison, NJ 



interferon 



Phase! 



Phase Ml 



pediatric hepatitis B, seltajeoable application 
dosing system far hepatitis C submitted 
(see aiso cancer: 



hepatitis C (PEWmron A) 


Phase IB 


relapsed hepatitis C 


application 


submitted 


naive hepatitis C (net previously 


Phase IH 


Created with interferon) 





r^taisC(P£C-trttronA/RebetoB Phase I 



LeuknScan* 
sulesomab 


Imrnu nomedics 
Morris PU!n$,NJ 


MAb 


diagnosis of osteomyelitis, 
infected prosthesis, appendicitis 
(see aiso digestive) 


application 
submitted 


Lyme borreUosH 
protein vaccine 


Pasteur Merieux Connaught 

$wikwittr, PA 


vacdne 


Lyme disease 


Phase HI 


Lyme disease 
vaccine 


SmithlOine Beecham 
Phih(kifM* t PA 


vacdne 


prevention of Lyme disease 


application 
submitted 


MAK19SF 


tool I Pharmaceutical 


MAb 


sepsis 


Phase 111 


MEDM91 
parvovirus 
B 19 vaccine 


Medlmmune 
C*ithenburg,MD 


vaccine 


B 1 9 parvuvirus-Jnduced 
miscarriages and anemia 


Phase 1 



meningococcus C 
vaccine 



Chiron 

Emeryville, CA 



vacdne 



meningococcus C 
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Infectious Diseases _ ., 


Product 
Name 


Company 




Indkatron 


Stilus r 


mw 

kn/nunomodularor 
adult and pediatric 


Ribt ImmunoChem 
Hsmtkan,MT 


vaccina 


infectious dbaases 
(sMaboAIDS/MV) 


in clinical 
trials 


NlupRR™ 

recombinant human 


XOMA 
Bcrkelty,CA 


recombinant 
human 

protein 


iidiHigococccmia 

Uef auo geneuc» w»/ 


Phase m 


bactericidal 
permeability" 
increasing protetfi 
WPW1) 




antibiotic adjuvant in 
intneabo^minal infection* 


Phase II 


hunan arii-CMV 


Protein Design Labs 
Mounoin Vfiew, CA 


MAb 


Cytomegalovirus infections in 
bone marrow crawpbnt patients 


Phase Q 
completed 


antibody 










ReMr* 

recombinant 


Serono laboratories 
NtxwtUf MA 


« - * - ~ 
ifueneron 


mmI \m£mi lium 

vim irwuiurB 

faee also caiKBf, neurotome) 


Phase fl/lfl 


recombinant human 
activated protein C 
(mAPQ 


051% 


recombinant 
human 


treatment of severe $epsis 


Phase U 


recombinant human 
interieukto»!2 

til 


Genetw Institute 
Ga/nbnc^pe, 

ww*+wkv*Kr Laboratories 


imerteukin 


infectious diseases 
(sm also cancer) 


Phase 1/11 


KotashrckT" 

rotavirus vaccine 
live, oral, 

tetravafent 


Wyed>4ecterfe 
Vaccines & Pediatrics 
Phihdtlph& t PA 


continuous 
cell line 
vaccine 


prevention of roaviraJ 
gastroenteritis in infants 


application 
submitted 


rotavirus 
vaccine 


virus Research insrttute 
Cmbf*J%Cf MA 


vaccine 


roti virus in infants 


Phase It 


Savvy'* 
QIC 


Bk»yn 


mtcrobiode 


infectious olsease 


Phase! 


lenercept 
CTNff-recepWf 
fusion protein) 


HoftnaffvUftodw 

Nudey,NI 


recombinant 

soluble 

receptor 


septic shock, severe sepsis 


Phase 111 


rjfecogin 


Chiron 
Searle 


tissue faaor 

pathway 

mWbfoof 


sepsis 


Phase II 



( 
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1 NfFBf II ITY 


Product 




Product 
Category 


Indication 


Dtvuopoiem 

Status 


Aefde™ 

gonadotropin 
hormon*H«Jeasing 
homione antagonist 
(ChRHAJ 


A/es-Serono and 
Serono Laboratorkj 
Nofwcll,MA 


hormone* 
releasing 
hormone 
antagonist 


We infertility 


Phase 1 


GonaM» 

recombinant human 
folficiMtimuIaiing 
hormone 
(r-FSH) 


Serono Uboratono 


rfcombinant 

fertility 

hormone 


male infertility 


Phase m 


UvMM* 

recombinant 
human leutlnlzlng 
hormone 

(r-UH) 


Are>-$ttDnoand 
Serono Uboatorra 
NorwtlLMA 


recombinant 

fertility 

hormone 


female in Jtrtility^liaiiar support 
stimulation of follicular development 


Phase WW 


OvidreJ* 

recombinant 
human chorionic 
gonadotropin 
(r-hCGl 


Ares-Serorto and 
Serono Laboratory 
NortvclL MA 


recombinant 
gonadotropin 


female infertility 
(set also AIOS/HrV) 


Phase III 


Neurologic Disorders 






Product 




Product 
Category 


Indication 


Status 


Activate 
aheplase* 
recombinant 


Genentech 


t-PA 


acute Ischemic stroke within 
3 to S hours of symptom onset 


Phase in 


An«r0X"iMS 


Anergtn 

*etfwtfC7iy,CA 


functional 
antigenic* 
immuno- 
therapy 


multiple sderoiis 


Phase 1 


Antegrtn 
nstalizumab 


Ajhtna Neurosciences 
S.SMfondsca,CA 


MAb 


multiple sderoi is flans 


Phase II 


ATM027 
humanized MAb 


T Cell Sciences 
NetrfwraMA 


MAb 


multiple sderosts 


Phase 1 


Avortext 

interferon bett-Ta 


Biogen * 
Cdmbndgc, MA 


interferon 


secondary, pragreaive 
multiple sdeiws 
(see also cancer) 


Phase III 


Be&seron* 

recombinant 
interferon btU-lb 


Btriex Labcratorits 

W*vne,NJ 
Chiron 


interferon 


chronic progressive rnuJtjpie sclerosis 
(see also cancer) 


Phase in 


brain-derived 
neurotrophic factor 
(BDNF) 


Amgen 

Thousand Oafau a 
Regentron Pharmaceuticals 

Tvrytvwn, NY 


growth 


amyotrophic lateral sclerosis 


Phase 1 
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N E U R O LOGIC 



ES 5 



Disorders 

" Prodoct 



Company 



Ogfigg Indkafion 



CPC-211 



CyprosllurmaceutJcals 
Qrisb*i,CA 



ctlhibr ischemic stroke, traumatic brain 
therapy injury 



tnlimomab 
UntMGAM-1 MAb) 



Boehringer Inge0*im 
PtarmaceudcaU 



MAb 



stroke 
(see also other) 



gnreJopnrant 



Phase Will 
Phase IM 



PIBUST* 5cios 

trafermin Mouno/n Vfcw, G4 

Wyeth-Ayerst Laboratories 

Philadelphi*,PA 



growth 
factor 



stroke 

(see abo heart) 



Hu23F2C 
MAb 



(COS 

Botfwff, WA 



nudo^jdefwii.rKhemksroto 
(see also heart other) 



Phase II 
Phase! 



□ 

! 1 



s 

m 
ru 

ru 



irUtrlevkin-10 
(IHO) 



&hertng4 , fough 
Mxilson.Nl 



mterfeuldn muhipla iderotis 

(see alio AIO^HIV, autoimmune, 
drgegrvc, heart resplraaxy, skin) 



!R20a 

therapeutic vaccine 



Immune Response Corp. 
Carfsfc*tCA 



vacem 



mukipie sclerosis 



IOP-01 



LeukoSie 



MAb StroU 

(see also transplantation) 



MS-TCR 



Connects 
P*loAJk),CA 



vaccine 



multiple sderosis 



Myotrophin* 

rhlCF-1 



Cephalon 
West Chester. PA 
Chiron 

Emeryville CA 



growth 
factor 



amyotrophic lateral sderosis 



peripheral neuropath* 



NeurgCe!l T *-rc 
(cellular 
transplantation 
therapy) 



Diacrin 

Oia/7B5tOwrt AHA 



cellular 
therapy 



focal epilepsy 



NeuroCelFMlD 
(cellular 
oransplanotton 
therapy) 



Diacrin cellular 
Charkstown, MA therapy 
Genzyme Tissue Repair 



Huntington's disease 



Phase I 



Phase 



Phase IA! 



application 
submitted 



Phase U 



Phasel 



Phase I 
completed 



NeuwCeTHjo 
(cellular 
transplanarjpn 
therapy) 



Diacrin 

Owiestowru MA 
Cenzyme Tissue Repair 

CtmbridfXt MA 



celUa/ 
therapy 



Parkinson's 



neurotrophm-3 



Amgen 

Jhx*MrdOaks,CA 
Regeneron Phatinaceudcals 

Tvrytawn,NY 



growth 
factor 



enteric neuropathies 



pimagedsne 



Alteon 

Cenentech " 
ISanfra/xtscaCA 



oven neuropathy 
(see also diabetes) 



Phase II 



Phase W 



Phase lU 



prosapdde 
TX14W 



MyeknNeuradences 
Sin Diego, CA 



growth neuropathic pain arid peripheral 

fador neuropathy 



Phase II 
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Neurologic 



Product 
Nam 



Company 



Di sorders 

" Product 



Category Indkatioft 



g cv g op iwt itf 



ICeOir" 

recombinant 
Interferon befr-t a 



Setono laboratories 



rdapsiitg, remitting multiple sctefwii; 
mndtioiuil mult^pto scKtmis 
($ce ibo QflCgf* infectious dKggg) 



Zenmpea* 

dadfacumab 



HofmwrvU Roche 
Nutity.W 
Protein Design Ubs 



trop*^ spastic parapanais 
(model for multiple Klcnso) 
(see also cancer, eye, skin, 
transpUnntion) 



gp<; pigATORY Diseas es 



tame 



Company 



Category Indkatiofi 



MVCFTR 
gene therapy 



Targeted Ceneto 
Seaofe. WA 



jene therapy 



sinusitis 

(see also generic) 



acdruhrpertutttf 
vaccine 



Chiron 

Emeryville, CA 



vacant 



pediatric pertussis 
(whooping cov|h) 



anti-lgE 

humanized MAb 



Genemech 

S. $*n fnnrisax CA 

N ovarii* Pharmaceuticals 

E&stHwtr.NJ 

Tanox Sipsyoems 

MousmT* 



MAb 



allergy asthma 



allergic rhinitis 



HkitnzarHAO 

Vaccine 

influenza vaccine 



Proem Sdences 

Mcfidcrtf CT 



vaccine prevention of influenza 



application 
submitted 




Development 
Phase! 



application 
submitted 



Phase m 



Phase ll 



Phase a 



influenza vim* 
vaccine 

(live, attenuated! 



Aviron 

Mouita/n VWw, CA 



vaccine prevention of influenza 



interleukin-4 
receptor 



Immune* 
$tattk.WA 



recombinant 
soluble 



asthma 



intedeukin-10 

auio) 



ScherinfrPlough 
Msdhcn.NI 



Ibofylline 



CdlTterapcuoa 
Settle, WA 



interieuldn acute king in jury 

(set also AltWWV, awtoirnmunt 
drp^rtea^iie^q^sfcin) 



acute lung injury 
(see also other) 



NfUPOON» 

Filgrastim 
WM3F) 



Am gen 

Thousand Oaks. CA 



cotony muWfebar pneumonia, 

stimulating pneumonia sepsis 

(actor Isce also AID&WV, canctr) 



Phase 10 



Phase I 



Phase I 



Phase n 



Phase in 
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gcQPiPATORY Diseases 



Product 
Name 



rhCuZr super 
dismupse 

parainfluenza 
typ*3 vaccine 
(live, attenuated 
bovine) 

PIVVKCSICf 



Compnty _ 
Bie-TechnologyGemral 



Pmduct 
Category 



Indication 



cfismu&se broflchopulmorary dysplasia 
in premature mtamii 



Aviron 



vacant prevention of parainfluenza rype-3 
infection (cause of croup in irJantj) 



WytdvUdtrfe 
vaccines & Pediatrics 



continuous prevention of parainfluenza 
ceil line vtius^ated low respiratory 
vaccine disease in infants 



AquHa BJcpruimaceuticals 
Worcester,*** 



vacone 



pneumococcal mfectioos in 
thcddcrly 



Oevejopmant 



Phase HI 



Phase II 



Phase I 



Phased 
Phase ll 



U 

5 

h 

m 

fy 

c tsr 

o 
m 



recombinant 
platelet activating 
boor* 

acetyftrydrolast 
CrPAP-AM) 



[COS 

Bothdlf WA 



acute respiratory distress syndrome, 
asthma 

(see also digestive) 



RSVsutwift 
vaccine 



VVyeth-tederk 
Vaccines & Pediatrics 
PhibdelphxPA 



continuous prevention of respiratory syncytial Phase 11 
cell line virus-mediated lower respiratory 
vaccine douse in the elderly and at-risk 

children 



RSV vaccine, 
live, j 



WyetMjderle 
Vaccines & Pediatrics 



continuous prevention of respiratory syncytial 
cell line virus-mediated lower respiratory 
vaccine disease jn infants 



Phase I 



soluWelCAM-1 
(ElRJU) 



Boervmger Ingeiheim 

Pharmaceuticals 

RkkcfiMCT 



recombinant 

soluble 

receptor 



prevention andfor treatment of 
rtSinovims-irxju^ 



MEDMtt 
humanized RSV 
MAb 



Medlmmune 
Quthersbur^MD 



Phased 



M/Vb prevention of respiratory syncytial application 

vina disease submitted 



TP10 



TCefl Sciences 
Needham, MA 



recombinant 



acute respiratory distress syndrome 
(see also heart transplantation) 



truncated ICAM 



reenpeof 



Bayer 

B*&*ky,CA 



adhesion rhirevtrusossodated 
molecule exacetbadons of asthma 



Phase U 



Phase I 
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Skin Disorders . - , ; 


Product 


CompanT 


Prodort 


Indication 


^jrvcKipincpi 


Name 

anri-CDlla 

humanbedMAb 

<hu1t24) 


Ceneottch 

£ San FmchcD, CA 
XOMA 


MAb 


moderate to severe psoriasis 


Phase II 


gamma interferon 


Cbnnetics 
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In one aspect, particular benefit is obtained with this invention when used 
with biopharmaceuticals, which include, for example, any proteins, polypeptides, 
enzymes, immunoglobulins, polynucleic acids, and plasrnids or other biopolymers. 
Specific examples of biopharmaceuticals to be included in the crystal formulations 
5 of the present invention include the following: insulin, glucagon, Glucagon-Like 
Peptide- 1 (7-37)OH (GLP-1), human growth hormone, leptin, follicle-stimulating 
hormone (FSH), ribozyme, and analogs thereof . 

The API's useful with the present invention include those which 
themselves may form crystalline products, as well as those which do not. By way 

10 of example, any proteins can be prepared as microcrystalline suspension products, 
but the results have frequently been unsatisfactory using existing technology. 
However, inclusion of these biomolecules into a host crystal system in accordance 
with the present invention overcomes this limitation on crystallization. The 
invention further finds utility even with API's that are readily crystallized, such as 

15 insulin. The incorporation of such API's into a single crystal lattice can be used to 
enhance stability or provide means of delivery that have different characteristics. 

Solvents for preparation of the saturated and supersaturated crystal lattice 
component include, but are not limited to, water, alcohols (e.g., ethanol, 
isopropanol), other organic solvents, acids, bases, and buffers. 

20 The crystals of the present invention are prepared to have a predetermined 

amount of active pharmaceutical ingredient. The desired amount of active 
pharmaceutical ingredient will depend on typical considerations, such as the 
effective amount of API used for administering to a patient. The concentration of 
API in the crystal is controlled, such as by previously described means, to yield 

25 crystals which are readily used in preparing pharmaceutical formulations for 

administration. The active pharmaceutical ingredient can be incorporated into the 
crystals at any of a wide variety of molar or weight percentages. Preferred 
percentages can be easily selected by a skilled artisan taking into account the usual 
considerations for later formulation of the desired pharmaceutical compositions, 

30 depending on the application, route of delivery, and desired pharmacological 
profile. Preferred percentages include, for example, concentrations of 0:01-1 
weight percent. As used herein, all weight percentages are given as the percent 
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based on the weight of the crystal including the crystal lattice component, the 
' active pharmaceutical ingredient and any other components included within the 
crystals, unless stated otherwise. 

The crystals may be prepared at varying size distributions, similarly 
5 depending on the subsequent formulating to be done with the crystals, or on crystal 
growth parameters. The crystals may be harvested and then sorted directly to 
desired size ranges, or may first be processed, such as by grinding or milling, and 
then sorted such as by sieving. As will be appreciated, a desired amount of active 
pharmaceutical ingredient may be obtained simply by obtaining a determined 

10 weight of crystals containing the active pharmaceutical ingredient at a known 

weight concentration. The useful size or weight range of the crystals of the present 
invention accordingly varies widely, depending on such factors as the inclusion 
level of the active pharmaceutical ingredient, the dosage amount for the active 
pharmaceutical ingredient, and the method of delivery of the crystals. By way of 

15 example, suitable crystals may have an average size distribution of 1 \im to 1 mm . 

The crystals of the present invention will typically be used in a formulation 
comprising a large number of crystals. It is a feature of the present invention that 
the active pharmaceutical ingredient is included within the crystal lattice 
component in a predictable, oriented fashion. This leads to a uniform 

20 concentration of the active pharmaceutical ingredient as a molar, and therefore 
weight, percentage of the crystals. In one aspect of the present invention, there is 
provided a composition of crystals having a substantially uniform weight 
concentration of active pharmaceutical ingredient as between crystals. The term 
"substantially uniform weight concentration" refers to the fact that the weight 

25 concentration of active pharmaceutical ingredient in the various crystals is 

sufficiently uniform that an acceptably accurate weight of active pharmaceutical 
ingredient can be obtained based on the weight of the crystals and the average 
concentration of active pharmaceutical ingredient in such crystals. In one 
preferred embodiment, there is provided a composition of crystals in which the size 

30 distribution of active pharmaceutical ingredient does not vary between crystals by 
more than about 20 percent. However, alternate embodiments may be equally 
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useful, including mixtures of different size crystals. A desired quantity of active 
' pharmaceutical ingredient is then accurately obtained by measuring a weight 
amount of crystals which, given the concentration of active pharmaceutical 
ingredient, yields the selected weight of active pharmaceutical ingredient. 
5 The crystals and included API's are useful in the crystal form for both the 

stabilization and storage of the API and for the administration of the API to a 
patient. As used herein, it will be appreciated that the term patient refers to either 
humans or non-humans, depending on the nature of the active pharmaceutical 
ingredient. The crystals may be used as such, and in one aspect of the present 

10 invention the crystals consist essentially of simply the crystal lattice component 
and the API. Alternatively, the crystals include the crystal lattice component and 
the API in combination with other pharmaceutically-acceptable adjuvants also 
contained within the crystals. 

The crystals of the present invention are preferably formulated as 

15 pharmaceutical materials for ultimate delivery in solid or liquid form. In such 
applications, the crystals are typically formulated with common, compatible, 
pharmaceutically-acceptable adjuvants, such as excipients, diluents, carriers or 
mixtures thereof. For purposes herein, the term "pharmaceutically-acceptable" 
refers in this context to the excipients, diluents or carriers, as well as coatings or 

20 other components referred to elsewhere, being compatible with the other 
ingredients of the formulation and not deleterious to the recipient thereof. 

Examples of excipients, diluents, and carriers that are suitable for such 
dosage forms are well known in the art, and include the following: suspension 
additives such as tonicity modifiers, buffers, precipitants, and preservatives; fillers 

25 and extenders such as starch, lactose, dextrose, sucrose, sorbitol, mannitol, and 
silicic derivatives; binding agents such as carboxymethyl cellulose and other 
cellulose derivatives, alginates, gelatin, and polyvinyl pyrrolidone; moisturizing 
agents such as glycerol; disintegrating agents such as calcium carbonate and 
sodium bicarbonate; agents for retarding dissolution such as paraffin; resorption 

30 accelerators such as quaternary ammonium compounds; surface active agents such 
as cetyl alcohol and glycerol monostearate; adsorptive carriers such as kaolin and 
bentonite; and lubricants such as talc, calcium and magnesium stearate, and solid 
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polyethyl glycols. Additionally, the adjuvant may comprise crystals of the crystal 
\ lattice component that are prepared without the included API. 

The crystals may be coated to achieve various effects. In one approach, the 
crystals are coated with the same crystal lattice component which forms the 
5 underlying crystal, but without the included API. This assures that the coating and 
the underlying crystal have compatibility. The coating is then applied at a 
thickness which provides the desired effect, such as further protection of the active 
pharmaceutical ingredient, bulking of the crystal for handling, and/or effecting a 
sustained or delayed release of the active pharmaceutical ingredient. Alternatively, 

10 the same effects can be accomplished by coating the crystals with other compatible 
coating compositions, such as those which are well known in the pharmaceutical 
coating art. The crystals can also be coated so as to release the active 
pharmaceutical ingredient only or preferably in a particular part of the intestinal 
tract or other route of administration, possibly over a period of time. This is 

15 accomplished, in known fashion, using coatings, envelopes, and protective 
matrices made, for example, from polymeric substances or waxes. 

It is a feature of one aspect of the present invention that the crystals and 
included API's may be packaged and administered to patients in discrete 
pharmaceutical dosage forms. The crystals may be used as such in solid form, or 

20 may be formulated into liquid solutions or suspensions prior to use. The 

compositions may accordingly be administered by various routes, for example, by 
the oral, rectal, vaginal, ocular, buccal, nasal, pulmonary, iontophoretic, topical or 
parenteral routes. Such compositions form part of the present invention and are 
prepared in manners well known in the pharmaceutical art. 

25 The API's of the present invention are effective over a varied dosage range. 

Such dosages are readily accommodated by the present invention by permitting 
various sizes of crystals, concentrations of API, etc. It will be understood that the 
amount administered will be determined in light of the relevant circumstances, 
including the condition to be treated, the choice of API to be administered, the size 

30 of the patient being treated, and the chosen route of administration. Therefore, 
specific dosage ranges will differ accordingly, and are not limiting of the scope of 
the invention in any way. 
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The compositions are formulated in one embodiment as a unit dosage form. 
' The term "unit dosage form" refers to physically discrete units, such as tablets, 
capsules, and suspensions in vials or cartridge/pen systems suitable as unitary 
dosages, particularly as unitary daily dosages. Each discrete unit contains a 

5 predetermined quantity of active pharmaceutical material calculated to produce the 
desired effect, e.g., a prophylactic or therapeutic effect. The amount of active 
pharmaceutical ingredient contained in a given dosage unit can be varied 
depending on the manner of delivering the crystals. For example, a single dosage 
unit in tablet form may contain 1/4, 1/3, 1/2 or 1 times the unit dose for the active 

10 pharmaceutical ingredient, according to which 1 to 4 tablets would be administered 
to achieve a unit dose of the active pharmaceutical ingredient. 

Therefore, in one aspect of the present invention, there is provided a 
pharmaceutical product in dosage form comprising a pharmaceutical delivery unit 
including a dosage amount of active pharmaceutical ingredient. The API is 

15 contained within the crystal lattice component, and a sufficient amount of crystals 
is included within the delivery unit to constitute the dosage amount of the API. It 
will be appreciated that the dosage amount of pharmaceutical may be obtained by 
provision of one or more crystals of the present invention. One form of the 
product consists essentially of a dosage amount of the crystals. In an alternative 

20 form, the pharmaceutical product consists of the dosage amount of the crystals. 

The ultimate delivery forms may include, for example, tablets, soft and 
hard gelatin capsules, pellets, granules, marumes, lozenges, sachets, cachets, 
elixirs, suspensions, ointments, suppositories, injection solutions and suspensions, 
nonpareils, spheres and sterile packaged powders. The crystals may be coated or 

25 uncoated, and may be combined with various pharmaceutical adjuvants, including 
excipients, diluents and carriers, as already described. One preferred form of the 
pharmaceutical product consists essentially of the crystals, and an alternate form 
consists of the crystals and the pharmaceutically-acceptable adjuvants. The 
delivery forms are prepared by conventional techniques such as disclosed in 

30 Remington's Pharmaceutical Sciences, 19th Edition, Mack Publishing Company, 
Easton, PA (1995), which is incorporated herein by reference, or other treatises 
available to the skilled artisan. 
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Compressed tablets, for example, are prepared by well-known means which 
are conventional in the art. The tablets may be prepared by wet or dry granulation 
methods or by direct compression, and may be produced by any of a wide variety 
of tabletting machines. Tablet formulations usually incorporate diluents, binders, 
5 lubricants and disintegrators, as well as the crystals with included API's. Typical 
diluents include, for example, various types of starch, lactose, mannitol, kaolin, 
calcium phosphate or sulfate, inorganic salts such as sodium chloride, and 
powdered sugar. Powdered cellulose derivatives are also useful. Typical tablet 
binders are substances such as starch, gelatin, and sugars such as lactose, fructose, 

10 glucose and the like. Natural and synthetic gums are also convenient, including 
acacia, alginates, methylcellulose, polyvinylpyrrolidine and the like. Polyethylene 
glycol, ethylcellulose and waxes can also serve as binders. 

Certain solid pharmaceutical dosage forms of the present invention, most 
notably tablets, may be coated in conventional fashion with a wide variety of 

15 materials utilizing various processes. Typically, the products of the present 
invention may be sugar coated or film coated in accordance with well-known 
techniques. The coatings serve an aesthetic purpose as well as a practical one. 
Coatings can mask an unpleasant taste or odor, can increase ease of ingestion by 
the patient, and can serve to improve the ultimate appearance of the dosage form. 

20 Similarly, coatings can protect the product from the effects of air, moisture and 
light, can improve product identification, and can facilitate handling in packaging 
and fill lines during manufacture. 

Various adjuvants may be included in the coating formulations as is well 
known in the art. These include, for example, permeability enhancers, plasticizers, 

25 antitacking agents and the like. A discussion of coating techniques and adjuvants 
is presented in United States Patent No. 5,015,480, issued to Childers et al. on May 
14, 1991, the pertinent portions of which are hereby incorporated herein by 
reference. Further information pertinent to coating processes and equipment may 
be obtained from Remington's Pharmaceutical Sciences, supra. 

30 Tablets are often coated with sugar as a flavorant and sealant, or with film- 

forming protecting agents to modify the dissolution properties of the tablet. The 
compounds may also be formulated as chewable tablets by using large amounts of 
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pleasant-tasting substances such as mannitol in the formulation, as is now well- 
established practice. Instantly dissolving tablet-like formulations are also now 
frequently used to assure that the subject consumes the dosage form, and to avoid 
the difficulty in swallowing solid objects that bothers some subjects. 
5 A lubricant is used in a tablet formulation to prevent the tablet and punches 

from sticking in the die of the tabletting machine. The lubricant is chosen from 
such slippery solids as talc, magnesium and calcium stearate, stearic acid and 
hydrogenated vegetable oils. 

Tablet disintegrators are substances which swell when wetted to break up 

10 the tablet and release the crystals. They include starches, clays, celluloses, algins 
and gums. More particularly, corn and potato starches, methylcellulose, agar, 
bentonite, wood cellulose, powdered natural sponge, cation-exchange resins, 
alginic acid, guar gum, citrus pulp and carboxymethylcellulose, for example, may 
be used, as well as sodium lauryl sulfate. 

15 Enteric formulations are used to protect crystals and the included API's 

from the strongly acidic contents of the stomach. Such formulations are created by 
coating a solid dosage form with a film of a polymer which is insoluble in acidic 
environments, and soluble in basic environments. Exemplary films are cellulose 
acetate phthalate, polyvinyl acetate phthalate, hydroxypropyl methylcellulose 

20 phthalate and hydroxypropyl methylcellulose acetate succinate. 

The crystals with included API's may similarly be formulated into capsules 
for administration. Such capsules are prepared utilizing conventional 
encapsulating methods. A general method of manufacture involves preparing the 
crystals for use in capsules, such as by milling the crystals to a suitable size. The 

25 crystals are blended with desired excipients, diluents or carriers, and the resulting 
mixture is filled into suitably-sized capsules, typically hard gelatin capsules, using 
conventional capsule-filling machines. The usual diluents include inert powdered 
substances such as starch of many different kinds, powdered cellulose, especially 
crystalline and microcrystalline cellulose, sugars such as fructose, mannitol and 

30 sucrose, grain flours and similar edible powders. 

When it is desired to administer the crystal formulations as a suppository, 
the usual bases may be used. Cocoa butter is a traditional suppository base, which 
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may be modified by addition of waxes to raise its melting point slightly. Water- 
' miscible suppository bases comprising, particularly, polyethylene glycols of 
various molecular weights are also in wide use. 

The crystals can also be similarly formulated as elixirs or suspensions for 
5 convenient oral administration or for parenteral administration, for instance by 
intramuscular, subcutaneous or intravenous routes. 

The inventive crystals enable the design of sustained-release formulations 
based upon various factors to yield both the desired amount of active 
pharmaceutical ingredient and the desired pharmacokinetic profile for delivery of 

10 the active pharmaceutical ingredient. Selectively incorporating the active 

pharmaceutical ingredient into the crystal lattice, e.g., into a specific crystal growth 
sector, modulates the release profiles and can therefore be used to effect desired 
pharmacological properties. The choice of the crystal component and the process 
used to grow the crystals of excipient host and guest active pharmaceutical 

15 ingredient can be selected and/or modified to adjust parameters such as the 

delivery rate of the active pharmaceutical ingredient upon use of the formulation. 
The active pharmaceutical ingredient is incorporated into the crystal matrix at a 
selected rate, typically as only a small weight percentage of the overall crystal. 
This permits moderate and uniform rates of release. 

20 Various approaches may be used to accomplish a delayed or sustained 

release of active pharmaceutical ingredient from the crystals. In a typical 
application the crystals of the desired size are combined with a compatible 
preservative and the mixture is injected subcutaneously or surgically implanted to 
provide a prolonged payout as the crystals dissolve as a result of contact with the 

25 surrounding body tissue and fluid. In one approach, the concentration of the active 
pharmaceutical ingredient in the crystals is reduced in order to effect a sustained 
release over time. Alternatively, larger crystals may be used to provide for more 
prolonged payout of the active pharmaceutical ingredient. In another approach, 
coatings on the crystals are used to affect the rate of release of the active 

30 pharmaceutical ingredient. Such coatings may comprise the same crystal lattice 
component but without the included active pharmaceutical ingredient, as well as 
other coating compositions useful for this purpose. 
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In the alternative, the crystals of the present invention can be used to isolate 
' and/or store the active pharmaceutical ingredient for later reconstitution into 
solution. The crystals may be stored for extended periods of time prior to 
reconstitution in view of the added stability accorded the API's by the 
5 encompassing crystal lattice component. The crystals are then combined with 

pharmaceutically-acceptable excipients, diluents or carriers to prepare the solutions 
for subsequent administration. The crystals are readily dissolved or suspended in 
appropriate diluents, which may be selected, for example, from the list previously 
provided with regard to diluents used to initially prepare the crystals. 

10 Such solutions of dissolved crystals provide the active pharmaceutical 

ingredient free of the previously encompassing crystal lattice component. The 
solutions are useful, for example, for oral administration, parenteral use, or as 
suppositories. For parenteral administration, for example, the crystals may be 
formulated in a phannaceutically-acceptable diluent such as physiological saline 

15 (0.9%), 5% dextrose, Ringer's solution, and the like, along with other additives to 
reduce the solubility of the crystals in suspension. 

The resulting pharmaceutical formulations provide an active 
pharmaceutical ingredient which is included within the host crystal and has 
enhanced stability and shelf-life. The present invention therefore satisfies the 

20 desire to provide certain pharmaceuticals having an acceptable, room-temperature 
shelf-life. Depending on the circumstances, particularly the API involved, the 
desired shelf-life can be as little as one month, or may be at least one year, two 
years or more. The pharmaceutical molecules are generally isolated from one 
another and from the environment by the surrounding crystal lattice. The 

25 containment of the API in the solid crystal lattice also fixes the conformational 

orientation. This eliminates most of the potential degradation mechanisms, such as 
polymerization, oxidation, deamidation and proteolysis, that could otherwise 
reduce the stability of the pharmaceutical. 

Methods demonstrating stability include but are not limited to high- 

30 performance liquid chromatography for purity and potency, FT-IR for secondary 
structure, in-vitro and in-vivo bioassays, and pharmacokinetic profiles. 
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The crystals of the present invention are readily prepared and are useful in 
; containing the included API in an isolated, oriented position within the lattice. The 
utility of the present invention is demonstrated in the following examples, which 
are illustrative in nature, and are not to be considered limiting of the scope of the 
5 present invention. 

Example 1 

To demonstrate the potential kinetic stabilization of proteins, green 
fluorescent protein (GFP) was incorporated into deionized a-lactose monohydrate. 
GFP was selected because it is known to fluoresce only in its native conformation. 

10 Upon denaturation, the interior of the P-barrel of the molecule is exposed and the 
fluorescence of the p-hydroxybenzylideneimidazolinone chromophore is rapidly 
quenched. Typical crystal growth conditions involved the addition of 8 volumes of 
an approximately 1 mg/mL (approximately 37 jjmole) solution of GFP in 10 mM 
tris-HCl, pH8 and 10 mM EDTA to 100 volumes of a supersaturated aqueous 

15 solution (approximately 1.15 M) of deionized a-lactose monohydrate. The mixed 
solution was allowed to stand for 3-4 days at room temperature in a 24-well plate. 
Crystals were harvested between 1-3 days and displayed a hatchet morphology as 
shown in Figure 1 with a broad base (010) further bounded by { 100}, { 1 10}, { 1- 
10}, and {0-11}. Small (0-10) and {1-50} faces are also occasionally present. 

20 When illuminated with a long wavelength UV lamp, the crystals exhibited a bright 
green fluorescence localized within a sharply defined pyramid corresponding to the 
(010) growth sector. This indicates that GFP is selectively recognized and 
overgrown by the (010) face in preference to the others. More importantly, it is 
evidence that the GFP is in its native conformation. The level of GFP to lactose is 

25 approximately 0.008% (w/w). 

GFP fluorescence intensity was measured as a function of time and 
temperature in three environments: saturated aqueous a-lactose solution, 
lyophilized a-lactose, and crystalline a-lactose monohydrate. As shown in Figure 
2, both the solution and lyophilized preparations lost nearly half of the 

30 fluorescence intensity at 333°K within one hour. The crystal showed no change at 
333°Koreven 343°K. 
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Example 2 

To investigate the potential for incorporation of a biopharmaceutical into 
crystals of biocompatible excipients, studies were conducted using rhodamine- 
labeled glandular glucagon and lactose. As in the previous studies, the rhodamine 
5 label was used to facilitate the visualization of glucagon in the host crystals. 
Typical crystal growth conditions involved the addition of 5 volumes of a 
supersaturated solution of deionized a-lactose monohydrate to 1 volume of an 
approximately L5 mg/mL (approximately 300 to 400 ^imole) of rhodamine-labeled 
glucagon in purified water. The mixed solution was allowed to stand at room 

10 temperature in a 24-well plate. Crystals were harvested between 1-3 days and 
displayed a hatchet morphology with a broad base. With the rhodamine label, 
glucagon inclusion was visible in the crystals as a well-defined pyramid 
corresponding to the (010) growth sector. The level of inclusion was determined 
to be approximately 0.1% (w/w). 

15 In-vitro dissolution experiments were performed on the glucagon/lactose 

crystals to evaluate potential for in-vivo, sustained-release pharmacokinetics. The 
release of rhodamine-labeled glucagon into solution was followed by fluorescence 
spectroscopy. In a typical experiment, 1-2 crystals were added to 100 microliters 
of phophate buffered saline solution at room temperature and the increase in 

20 fluorescence of the solution was monitored over time. The release of glucagon 
from the dissolving crystals was generally complete after 24-48 hours depending 
on crystal size and was linear until the last few hours of dissolution. Additional 
details are contained in the article entitled "Stabilization of Proteins in Single 
Crystal Hosts: Green Fluorescent Protein and cc-Lactose Monohydrate," M. 

25 Kurimoto, P. Subramony, R. Gurney, S. Lovell, J.A. Chmielewski, B. Kahr, J. Am. 
Chem. Soc. 1999, 121, 6952-6953, which article is hereby incorporated herein by 
reference. 

Example 3 

To demonstrate the universality of this technology for incorporation of a 
30 diversity of biopharmaceuticals into crystals of biocompatible excipients, studies 
were conducted using biosynthetic human insulin and insulin analogs, 



WO 00/76480 



69 

V8-GLP-l(7-37)OH, a glucagon-like insulinotropic peptide- 1 analog, exendin, and 
; human growth hormone in deionized a-lactose monohydrate or phthalic acid. 
Information regarding V8-GLP is available in United States Patent No. 5,705,483, 
issued to Galloway and Hoffman on January 6, 1998, which patent is hereby 
5 incorporated herein in its entirety. For information regarding exendin, see, e.g., R. 
Goke, H.C. Fehmann, T, Linn, H. Schmidt, M. Krause, J. Eng, B. Goke, "Exendin- 
4 is a High Potency Agonist and Truncated Exendin-(9-39)-amide an Antagonist at 
the Glucagon-like Peptide l-(7-36)-amide Receptor of Insulin-secreting Beta- 
cells," J. Biol. Chem. 1993, Sep 15, 268(26), pp. 19650-5, which reference is 

10 hereby incorporated herein in its entirety. 

Typical crystal growth conditions involved the addition of 1 volume of an 
approximately 10 mg/mL rhodamine- or Texas red-labeled peptide or protein in 
0.1M phosphate-buffered saline solution (PBS, pH7.4) to 10 volumes of a 
supersaturated a-lactose solution or phthalic acid solution. Supersaturated 

15 solutions of purified a-lactose were obtained by adding 0.41 grams of a-lactose to 
1 mL of purified water, allowing to dissolve in a 50-70°C water bath, and cooling 
to room temperature. Supersaturated solutions of phthalic acid were prepared by 
adding 0.05 grams of phthalic acid to 1 mL of either 70/30 (v/v) water/acetonitrile 
or 90/10 water/ethanol, allowing to dissolve in a 50-70°C water bath, and cooling 

20 to room temperature. Larger volumes of supersaturated solutions are obtained by 
using the same solute-to-solvent ratio. 

The solutions of labeled peptide or protein with the supersaturated a- 
lactose or phthalic acid were mixed by swirling, transferred to a 24-well 
crystallization plate or other suitable glass or polypropylene container, and allowed 

25 to stand at room temperature. Crystals were harvested in 4-5 days and rinsed with 
hexanes, ethanol, or methanol. All preparations yielded crystals with dye-labeled 
protein inclusions as determined by microscopic examination using an Olympus 
SZ-40 microscope with a CCD vision camera. 

The shape of the crystals formed was dependent on the solvent system used 

30 for the phthalic acid. The crystals formed with phthalic acid in water/ethanol were 
long, petal-shaped clusters. The crystals formed with water/ethanol were smaller 
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and rhombic. Crystals of labeled-insulin/lactose were dissolved in PBS and 
analyzed by HPLC. The level of insulin inclusion was determined to be 
approximately 0.1%. This process is scalable from 100 ^iL to several liters. The 
larger volume crystallizations were performed using glass beakers, or other 
5 appropriate large containers, covered with watch glasses. 

Using the same process, unlabeled insulin and exendin have also been 
incorporated into cc-lactose monohydrate and phthalic acid crystals. Upon 
dissolution of the crystals with 0.01N HC1, purified water and/or methanol, the 
level of peptide included in these hosts was determined by analysis of the sample 

10 solutions with an HPLC system in the flow-injection analysis mode using a 
chemiluminescent nitrogen-specific detector (CLND). The level of peptide 
inclusions ranged from approximately 0.1% to 10% (w/w). These data 
demonstrate that the level of inclusion can be manipulated by appropriate choice of 
guest and host molecules in addition to crystallization conditions. See also the 

15 following references which are hereby incorporated herein in their entirety: M. 
Windholz, (editor). Merck Index, 10 th edition, p. 769; R.A. Visser, Neth. Milk 
Dairy Journal, 34, 1980, pp. 255-275; J. Chmielewski, et al., JACS, 119, 43, pp. 
105665-10566. 



